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INTRODUCTION

A, The Volcanic landforms of Chile and Similar Landscapes of the Circum-Pacific
Reglon |

The racific Ucean 1s bordered by volcances from Mb, Erebus in New
Zealand antarctica, northward through lew Zealand, New Guinea, the Fhillipine
archipielago to Japan and the bhamchatka peninsula; thence in a returning
arc through slaska and the tocky mountains, to the isthmus of Central smerica,
and on down the andean chain to the volecanic peaks of antarctica Chilena.
Horeover, the great majority of the islands and island chains dotbed across
the Ocean itself are wholly or partly of volcanic origin, It is thus not
surprising that the study of volcanie landforms and of volcanic ash soils
should have become the particular concern of geologists and pedologilsts
in the circum-Facific territories, (fig. 1).

Landforms of volcanic origin incliude not only the volcanoes themselves,
but alsco the landscapes produced by the various {low rocks originating from
the volcanoes, and many alliuviel and colluvial landforms produced as an
indirect result of volcanic activity: together with the various layers of
volcanic ash and their own derived alluviel and colluvial products which
mantle the older landforms, In some parts of Chile, as in parts of Japan
and New Zealand, up to 90#% of the landscape may consist of landforms of
voleanic origin, mantled in volcanic ash or derived materisls,

The materials emitted from volcances consist of gases, licuids and
solids (see frontispiece), The liouid componant includes lava, which is
a mixture of minerals; chiefly silicates, in a state of fusion, or of
solution the one in the other. 1t varies widely in mineral, and hence in
chemical composition, and so forms on solidification, a considerable variety
of rocks., The lave exists within the lithosphere (below the crust of the
earth) as a magma, and the places of ejection, are points of weakness in
the earth's crust. The magma, the hot, fluild rock of the sarth's interior,
is probably not a continuous system, but 1s produced many miles below the
carth's crust in places where there is some local diminubtion of the general
enormous pressure exerbed by the weight of the overlying rocks., The magmas
of the earth are a concept: they have never been seen and never been sampled,
and they can be judged only by the nature of their extruded rocks, - the
lavas, and by the finely divided ejecta, - the velcanic ashes.

Basic lavas are poor in silica and rich in iron and magnesia, and
on cooling give rise to basalt and related rocks; at the other extrenme,
acid-lavas are very rich in silica and give rise to acidic rocks such as
rhyolite and dacite. Lavas of intermediate composition give rise to
intermediate types of volcanic rock such as andesite and trachyte. Magma
may arrive at the escape vent in various conditions, in extremely fluid
form or more viscid, highly gaseows and ebullient or relatively oulescent;
and way encounter resistance in the shape of a previously formed plug in



the neck of the volcano, or a hard rock cerapace, It is these conditions

in the vent that largely determine whether the eruption is of an explosive
nature, or a mere, relatively gentle, outflowing of 1iruid lava, In extreme
cases, pressure builds up until the whole mountain may explode and a rain

of' churnks of rocks mixed with fragments of cooling magms falls over a wide
area, Volcanic ash is essentially the cold, explosively-comminuted fine
fregments of the formerly licuid magma, although this material is commonly
mixed with actual rock fragments shattered from the original framework of
the voleano. :

Voleanic ash is produced in the reatest ~uantities by the more
explosive type of eruption, and hence is associated wore with the rise of
viscid, gas-charged acid magma than with liouid basic magma. The latter
type of magma may also be highly gaseous, but the eruptive products are
more usually scoriaceous lava and only a relatively small amount of fine
(but heavy) particles are thrown high into the air, to fall back to earth
s basaltic sand; heavy sand deposits of this type usually covers a
relatively restricted area around the vent of origin., The more viscid magmas
usually become inflsted owing to the liberztion of gases throughout the
body of the materials, in the actual conduit through which it is rising
towards the surface, Uwing to the relief of pressure as the surface is
approached, the gases expand and provide power for the explosive ejection
of the lave that follows., BSome lavas are converted into foam, which solidifies
into pumice. tumice is thus usually a highly siliceocus type of volcanic
glass, and may be ejected as large lumps, or small pellets (lapillae), or
as a powder consisbing mainly of tubular shreds of glass and isolated wminute
crystals that separated out from the magma during the rapid cooling process.
This very fine ash may rise to great heights in the atmosphere, where it
may cause cloud condensation and so return, in party to the surface of the
earth as o rain of fine, light gray veolcanic mud, *agmas of intermediate
composition also give rise to a large cuvantity of fine volcanic ash, usually
less obviously pumiceous, and with rather larger mineral crystals since
some of these began to crystalise out while the lava was still in the neck
of the volcano. buring the explosive ejection of this cooling material,
many of the wmineral crystals are shattered, &lthough whole crystals,and
shattered frogments of whole mineral crystals,are always present in volcanic
ash materials, the dominant material is normally fused volcanic glass, formed
chiefly of silice and aluming, with iron =s en appreciable constituent only
where more baslc magmas are involved, ‘

many volcanic landforms are deeply mantled in volcanic ash. These
deposits are commonly stratified, showing alternate banding of the materials
representing successive deposits from conbinuing eruptions, Farticularly
in regions wheré there are several volecanic vents In close proximity, the
ash stratigraphic column may differ very widely from place to place, '
depending upon the different sources of the ash, and the different kinds
of parent magmas, In-Chile, where volcanoes are often aligned as a chain
along the face of the sndes, only a few tens of kilometers apart, it is
common to find interstratified ash beds with rhyolitic pumice alternating
with andesitic or basaltic sand. 1n general, the ash layers belong to one
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of two LTypes: those derived from paroxysmel volcanic activity (i.e., & single
violent eruption of short duration), and bhose derived from volcanic
activity of an intermittent nature. In the latter case the ash materials
accurmlate slowly over a longer interval of time, often only a few
millimeters during successive eruptions, to form & relatively homogenecus
layer of ash which can conveniently be regerded as & single discrete ash
layer or bed. On the other hand, ash materials accumulating as a result

1 erugtion show gradation from coarse to fine materials,
sometimes repeated many times, and so may be recognised as discrete shower
horizons or strata (Taylor, 1933).

oY

In voleanic regions, volcanic ash usually forms the chief componant
of the superficial cover of the landscape: the landforms themselves are
built up by a wide veriety of volcanic phenomena, and may extend far across
lowlands in the vicinity of the volcances. Intense volcanic activity 1s
often accompanied by heavy rain (sometimes strongly acidified by solution
of volcanic 5) which imuediately resorts the finer ejecta on the hill
slopes and floods the valleys with volcanic alluvium; the overloaded streams
mey spread oub over the lowlands forming & whole new series ol terrace
levels, plains and deltas., rumiceous alluvium in particular, may be
redeposited in meny strange forms, for the pleces are often very large and
float well until suddenly the amount of water for floaztation becomes
inadequate, leaving steeply convex levées, or fan deposits with & micro~
relief resembling frozen waves,

- In situations where the viecinity of the volcano was initially snow-
covered or frozen, the abrupt discharge of hot materials produces a great
volume of steam, which often provides a lubricant for the lava or hot ash
near the vent, and conscquently swift-flowing streams of assorted fragments
sweep down on tiwe lowlands to become deposited as tuff, breccia or even
simple mud-flows, OSometimes a thin, ligquid leve stream crosses the bed
of rivers containing waber, turning the water to steam. This often causes
a great acceleration in the pace of the lava, since it can now flow rapidly
omward on & cushion of steam, leaving behind a chain of lava blisters und
scoria mounds where the steam has forced a way upwards through the lava,
by, if the original magnma is intensely charged with gas, the eruption may
produce lava which is closely allied to & gaseous emulsion, end in this
form it is capcble of sweeping down from the vent as a fiery cloud (muée
ardente) with incredible speed. vther types of eruption may produce
‘incandescent sand flows. HMany volcanic landforms are the result of secondary
effects, such as the blocking of a mountain valley by a lavae barrier behind
which a new luke slowly forms, eventually breaking through the barrier to
discharge a wave of volcanic debris over the adjacent lowlands., Uf more
local importence is the eruption which breaks through in an old crater lake,
throwing the muddy sediments of the lake over the landscape of the lummedia
vicinity.

gxamples of practically all these volcaniec landforms can be found
in Chile (where they are still occasionally confused with glacial landforms),
paralleling those known and described from Japan, New Zealand, slaska, and
other countries of the clreum~tacific area,. Since many of the wore active




Chilean volcanoes occur in the colder latitudes, it is not surprising that
mudflows, tuff-flows and breccia-flows, alded and accelerated by the melting
~of snow and ice, are ¢ common feature of the lowland landscape. They are
important in the study of volecanic ash soils because they contain volecanic
minerals and & weasure of veolcanic glass in their composition, consequently
their soils oft show properties allied to those of the soils formed wholly
from volcanic a

Une ol the essential characteristics of volecanic ash soils is that
they are formed {rom meterials very rich in volcanic glass, as this material
weathers, the transformation of alumine and silica to amorphous gels, and
side reactions with amorphous organic compounds, donate to these soils a
meosure of individuality which sets them somewhat apart from the rest of
the soils of the World. 1t is not so much their appearance, but their
distinet chemical and physical progertiss that forces, the farmers, in
particular, to call for thelr recognition as a discrete entity in the soil
assemblage of the landscape. however, this does not apply in all enviromments,
Since most of the particular properties of these soils are dependant upon
a certain measure of soil weathering, there is no call for recognition of
a special group of volecanic ash soils in arid or seni-arid reglons where
there is inadequate moisture to promote rapid weathering; nor in the very
cold regions, where weathering is likewlise delayed. Thus volcanic ash soils
emerge as an cntity of significance to the farming community, in environments
where there adeguate molsture and sufficiently high mean annual temperatures
to promote a certain degrec of weathering. snother special, although not

so exclusive (since it is shared also with alluvial and some wind-blown
d@poﬁits), Peature is that volcanic zsh soil parent materiels are usually
deposited as unconsolidated layers, and the weathering of freshly deposited
materials takes place in depbth simailtancously affecting the whole thickness
of & layer, so thal the same weathering products are being '
produced almost simultancously at a myriad of foci, over a fixed depth,

and from the surface downwards, This feature imparts to the soll & measure
of uniformity over a specific depth, and makes possible the complete
dominance of certain weathering products. This is very different from the
situation in soils that are being formed by the progressive decay of
materials first produced in a narrow zone near the solid rock face. It

is in this aspect that the soils derived from loose and porous ash beds
differs wost markedly from soils derived from consolidated volcanic beds,
Csuech as tuffs, breccias, or hardened mudflows, which otherwlse may have
much the same volcanic composition as the unconsolidated ash., Thus the
special properties of volcanic ash soils are likely to be in part derived
from the point of impact and overall rate of weathering, guite as much as
from the nature of the original parent meterials, This aspect will be
referred to again in Yart IV,

One further matter of importance, requiring discussion at this stage,
is that the special properties of volecanic ash soils, in the farming sense,
dissappear with age. There is a thus definite period in the life of the
s0il when these special groperties dominate the land use characteristics
of the soil. In the very earliest stages, there is little to differentiate
recent volcanic ash from recent alluvium in respect of soll properties;
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likewise, at the other end of the Lime ale, very old soils clearly derived
originally from vol <bL“ h scarcely differ from soils of about equivalent
& derived Irom FOCA of comparable mineral composition, Thils comes aboub

] nce with the ge of time the further weathering of the
volcanic ash, oft conditioned by normal leaching processes, destroys the
compounds that formerly gave the soils their special characteristics., In
voleanic reglons whers the bekuowtd Of lecanic activity has been gradually
diminishing, the ! Shge no longe special category of
wolcaric ash

PADBaEe

Filonecrs in the isolation of the speclal properties of volcanic
ash soils arose in Japan (hLa wamura, 19505 Sudo, 1951, 1953: Masul, 19543
Bomine and Yoshinag 1955 dgawes, Wetanabe and Sato, 1955; Kamno and
arimara, 1955; and kanno, 1956, 1962), and in lew Zea l(nd“(Birrel and
Fieldes, 1952; I« s and QW¢HQ&135 1954 ); while contributory studies
have been made in Chile (Besoain, 1958, 1961, 1963), U.5.5.R. (Gerasimov, 1958,
1959; Ivanova and fozov, 1960), indonesia (Dames, 1949; Biak, 1948; Dudal
and Soepraptohardjo, 1960) and the Phillipines (Ue Peralta and Decena,
1940). 1t is now ; sl ly ace *wd tn@; the special and peculiar properties
of volcanic ash soils arc h the formation of an amorphous
inorganic colioidal bwbat, ud aLl ophene, &s an early product of
the chemical decay of volcanic gl . Lt appears in yar‘x@ulurly large
gquantities du%"ug in« wsath@r”n@ g;:9p derived from acid and
intermediate m and with time under the normal conditions
of soil fOTMMthﬂ)

Ce,

L ‘ sforms to other types of clay
colloid, with the consequen ow di ye) hce of the gp@@ific 501l
proyur*ibu associlated with allophane. =1;cteristio is allophane of
the soils populerly known as 'volcanic ils", that Kanno (ibid. 1962)
has proposed that these ls be recogni as dlgﬁinct world Soil- Group
and called the "humic Allophane boil@”' AS Wlli emerge during the present
study of Chilean vol soils, - wajective "humic! may not always
be wpyiiCdDLb Uutuqu This . ‘urther discussed in Part

IV, but in the 1 5 is no reason why these soils should not be
COleCtLVCly racerred to Allophanic Solls" since this soil mineral 1s
the dominant ﬂhatur& of vomi osition., Many soils in the world contain
some allophane cla v those derived from volcanic rocks (e.g.
the soils d/AivVu Lhe and of hainan in southern China, -
Gerasiwov, ilid, 195 and also old soils in very cold tundra-like
climates, but in none 2 3 does the amount of allophane approach
that krbggﬂt in t volcanic ash solls in the warm to hot, sub-humid and
hundd regions. name ! | will be used, then, in a provisional
sense throughout this acc ouJu i voiﬁanj“ ash soils of Chile, to refer

to those sollis tha significant amcunt of allophane clay. In
Chile this effectivel s the volcanlc &Sh solil of tho sub-humid and

humid cool, warm and subtroplcal enviroments.

Throughout the various circum-lecific countries where allophanic
soils have been described, there are several kinds described that have quite
& close relstionship wi allophanic soils. Lowever, none ol these
soils appear to be exact rﬂuntn*v:wt of Chilean soils, nor would any such

¢ ¢

*  Bee also B rrcii JQ)L« 15

, 61; Birrell and Gradwell, 19563
958; Gradwel

and Birrell, 1956.
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exact match be expected, Jolls are everywhere a product of present and

past envirconments, and there are .ossibly no two places in the world where

the history of envirormmental change has followed precisely the same course.
indeed, there are few places in the world where proesent envirvonmental
conditions precisely coincide, It has been the author's special interest

to compare Chilean allophanic soils with those of hew Zealend, but at the
outset 1t becams epparent that the present environment under which bew Zealand
allophanic solls are developing dirfers significantly from that pertaining

in the allophanic soil regions of Chile: the wew Zealand soils (New sealand
501l Bureau, 194&) cccur mainly in the worth lsland under warm temperate
climate with no well-marked dry season, whereas those of Chile occur either

in & warm-to-cool climate with o well merked dry season, or in & cool,
continously wolst climate, There are indications of major differences in
environmental histories that furthesr widens the gap bebwesen the two grougs
of allophenic soils., This difference between the allophanic scils of the
two countries is not ilmmediately apperent in the soil morphology, nor is

it immediately visible in the more obvious chemical and physical properties
of the soils; yebt is is clearly displayed in the differences In the farming
pattern and in the land u characterigtics of the soils of the respective
countries,

S

The environmental history of & region is especially important where
cool temperate conditions prevedl, becaase the bilological componants of
an environment cean heve a relatively strong conditioning effect on soill
development; yet even the tropical examples of Chilean volcanic ash sodls
(those of saster lsland) are quite distinet from the volcanic ash soils
of Hawaii, Samoa (Wright, 1963 (1), in press) and Fiji (Wright and Twyford,
1963, in press), mainly because of age differences and the fact that the
daster island soils, because of their isoletion, have developed mainly under
non-forest vegetation (Wright and Diaz, 1962, in press).

Thus, while it is certainly true that the allophanic soils form a
distinct soil intrasonal group, whose special characteristics trenscend the
boundaries of the non-arid climates of the middle and low letitudes, never-
theless within ths group there are many different kinds of allophanic soils,
each showing & surprising measure of enviromnmental impress. Thus, within
the intrazonal distribution of the allophanic soils, there still remains
a high degrees of regional zonality, although this is not necessarily well
displayed in the soll morphology.

the vistribution of Volcanic Ash and Volcanic ash Soils in Chile (figs 2 and &)
A8 alreody indicated in the first pert of the introduction, the

soils derived from volcanic ash fall into two well defined division: those

with a significant content of allophane, and those either without allophane

or with such small amounts of allophane that it has no practical significance.

The latter soils occur mainly where volcanic ash has been deposited on

landscapes possessing arid or semi-arid climates, but they also occur under




e very cold witions of low latitudes or high alititudes. 1In Chile,
voleanic ash seils without significant asounts of allophane are mainly
restricted to the arid and semi-arid enviromments of northern Chile,
although they also occur cgain in the southern Andes, both at high altitudes
and at lower altitudes along the margin of the ratagonian desert, They

are olso thought to be present in Yantarctica Chilena',
The distribution of volcanic ash soils in Chile can best be discussed

under two headings,

1. dn the arid cnd semi-arid regions
2, in the sub-humid and humid regions.

1. In the arid and sub-—-arid regions
ot "

In this kind of enviromment the soils are subject to minimal
weathering and leaching, but may become strongly enriched by the upward
movement of soluble¢ szlts. Furthermore, the organic regime (WF dcfipod
by Taylor, 1949) is exceedingly weak, with weathering at such a.low
intensity, and under the intenscly dry conditions that prevail for most
of the time, the volecanic glasses in the ont material disintegrate very
slowly, and 1f amorphous allophane is formed ot all, 1t certainly does not
remain long in colloidal form. Since the westhering enviromuent is saturated
with cations, most probably clays such as montmorillonite, illi@w and
vermiculite & formed in place of allophane, In any case, extr
amounts of clay are formed in these desertic soils,

")

In quite a number of these solls, silica released during the weathering
process may move slowly and bring szbout silice cementation of subsoil
horizons,  This is particularly noticable in some desert soils formed from
siliceous rhyoiitic ash.

However, in general, there is little to differentiate the soils derived
from volcanic ash from other solls in the arid landscape. Jnder extreme
desert conditions, only the highly pumiceous ash soils stand out, and then
meirnly because of The presence of the whit@ pumice gravel., Under slightly
less desertic conditions, weak silica cex Luntution often oceurs in

ls, (see sppendix, kLOLlLb Lo. 1) yet be absent from other
soils in the landscepe, Under i~desertic conditions, soils derived from
both acidic and intermediate kinds of voleunic ash may show a minor amount
of ulJUlhuM’ formation, but this tekes the form of eilt rather than clay.
rossibly the suorphous alumina colloid skrink to form clusters under the
long intervel of very dry conditions that follow the brief period when rain
has moigtened the soill ernough to permit ojeration of the chtmurmng processes,
foruming silt-sized compound particles which a_pear to be rather resistant
to fuarther webtting, indeed, on the sewl-desertic and very bOJ Andean
altipleno of worthern Chile near the Bolivien frontier, there has clearly
been some downward trausportation of these siit-sized partic lus. They have
been observed (wright znd seléndez, 1963, (1), in press) accunuleting in

pumiceous, g




what are presumed to be earthquake shatter fissures in the older, underlying
consblidabed pumice beds. where such beds are sea ;

periodic rise of the waterteble caused by welting snow or by spring wabter,
the [issures are densely packed with a clay that appears to have all the
physical charscteristics of allophane (fig. 5 ).

lwo representative soil profiles of solls derived from volcanic ash in the
semi-~arid region of horthern Chile are included in the appendix (profiles
los, 2 and 3); one from the northern sector of the Chilean altiplano
(profile wno, 4)5 one from the central sector, near Ollague (profile Ko, 5);
one from the southern scctor of the altiplano (profile ko, 6), and, for
contrast, one from the colder, semi-desertic margin of the Fatagonian
pampa, far to the south of the other -loecations (profile No. 7).

an interesting occurrence of allophane in the marginal desert regions was
noted in the soill materials deposited in the basin of the great Salar de
atacama, flere, intense evaporation promotes o strong upward movement of
soluble salts Irom the highly saliné watertable., These salts accumulate

s ool

in the predominantly sandy alluvial strata and form very strong salt crusts.
Interleaved amongst these salt-~cemented strata, there are fine layers of

weathered volcanic ash, of mainly andesitic origin. These layers appear
to contain 4 large amount of allophane, which agparently this clay resists,
or cannot provide the requisite conditions for, accumulation of soluble
salts, while not interfering with the norwal upward passage of such salls
from the saline watertdble below. These clays are molst and not salty to
the tongue. So marked is this phenomenon, that a thirsty man can, with

between the salt crusts. (Meléndez and Wright, 1963 (ii), in press).

Another example of the occurrence of allophane under desertic conditions

may be found where alluvium derived mainly frow voelcanic esh 1s kept under
permanent irrigation, Desert drrigation projects aré scarce in horthern
Chile, but in the Lluta valley where irrigation is carried out using strongly
acid waters originating in volcanic springs at the foot of Tacora volcano
(Zambrano and Yrrutia, 1961), allophane clays are oppearing in some

alluvial soils as a result of the weathering of volcanic glass. twch of
this colloidal clay aggregates on drying and forms silt-sized particles,
which are removed by the wind and usually accumulate on the lower slopes

of the steep valley sides (see Appendix, soil profile No. 6). The main
"part of this allophane, however, remains in the soils and imparts unexpectec
problems of phosphate fixation to what is essentially o normal-looking
irrigated desert soil, (Melendez and Wright, 1963 (i), in press).

These exauples of the occurrence of allophane in arid and semi-arid environments
are rather exceotional: as a rule allophane, as an important scil constituent,
does not appear in Chile uanbtil the sub-humid zone is reached, - in a about
latitude 35° 8, where the mean annual rainfall approsches 1000 mm and the

soils are quite moist for at least four months of the year,



Near the margin of this sub~humid region, in a zone where the modal soils
are mainly lon-Caleic Brown scils and gruwosols (Roberts and Diaz, 1960),
there are occasional remnants of old valley floor materials formed mainly
form Sili@’&ub rhyolitic pumiceous volcanic materials®. These soils (see
appendix, soil profilé lo. 9) contain no recognisable allophane, but are
notable for the high degree of silica cementation in the subsoil., Beyond
this point, southwards, all volcanic ash soils (except those of great age)
contain allophane in significant amounts.

Pan In the sub-hunid and haold re

ion of most intense volcanic sctivity (from
Quaternary € onwards) colncides, rather well, with the region of 1ncréwﬁxnw
soil humidity. Thus, in Chile, the farmers recognise a well defined region
of "volcanic ash soils", - which we can ncow interpret as a region of 50ils
significantly rich in allophaenc. “hese allophanic volcenic ash soils of
Chile are known by two local names, both of indigenous origin. The well
dreained soils are known as "brumao', meaning solls with light, dusty
properties; and the seasonally web, seasorally poorly drained soils, are
known as "hadi'" soils. lLadl is an araucanicn Indian word used to indicate
land that was swampy, but with a firm subsurface so that it was transitable
with care, "Trumao" and "fladi' are exceedingly useful docal names for two

In Chile the re

ma jor divisions ol the Chilean allophanic volecanlc ash ao¢1@, (Wright, 1963 (ii).

Lhe well u?dlﬂvd (trum&o) “oil” are MQMOL¢thd w;@h a wide variety of land-
forms, rangl 8 tofLm,Wme Their parent
materials are o081 1 by sub-aerial &*xmc*eg, dir@chly
or '%directly and Svhwtimdo by alluv;ai agencles, or as & thick '"sludge!

of wMtcr and mineral matter,

Those of direct sub-aerial origin are locoted mainly on the slopes and foot-
hills of the sandean cordillera, often occurring on very steep slopes (Wright

and Mella, l?ﬁ}(ik%&dght, 1963 \lLl), both in press). Those of indirect
sub-aerial origin occur mainly along the cuter foothills of the andes where
volcanic loess (dust consisting mainly of volcanic minerals) has accumilated

by the action of the prevailing westerly winds blowing across the plains

and terraces of the banfMY Vale and across wide river beds and picking

up loose particles of volecanic alluvium in their passs across the landscape
and redistributing them over the Andean foothills. A re¢ rosimilar type

of "volcanic loess' has from time to time accumulated in places along the
coastline where the same westerly winds have sifted fine materials from
coastal dunes and 1lifted loose particles from coastal drift deposits on
terraces tuwt have been from time to time uplifted during seismic wovements,

:

Volcanic soils of alluvial origin are widespread on the central lowlands

of Chile, sometimes showing by their broad, sweeping fan-like outline, that
they were the .roduct of iocal and intense voicmn¢u activity which on one
or more occasions completely overloaded a river system, Soils originating
from mudflows and siudge-like deposits, are of more local occurrence, and
can usually be related Lo some specific type of volcanie activity (Wright
and Lspinoza, 1962), or even seismic activity (Wright and Mella, 1963 (ii),

in Jress),

8

¥ See also Borde, 1955,



The less well drained (fladi) soils are nearly always found on flattish or
slightly rolling aress of the central vale in the south-central provinces
of Chile (kodriguez, 1946; Diaz et al, 1958; 1959).

.

The distribution of Zrumeo and their various derivative soils, (fig. 4)
copmences with the cppearance of small scattersd sreas in the indean cordi-
llera immediately north of the Maule Hiver (latitude 3598). Thence,
proceeding southward, trumao soils occur with increcsing frequency in the
foothills of the andes, until they form an almost complete mantle in about
latitude 36°30'S. Cn the lowlands, scattered patches of trumeo-like soils
of alluvial origin appear in latitude 35°930'o, and the grow more extensive
Lo the scuth, until in about latitude 39°3 aluost the whole of the land
between the andean ranges and the sea is occupied by trumao or trumao-like
soils. Further to the south, the ash mantle on the andean ranges is very
thick and complete, but does not extend (except in a few places) to the
coastal ranges; in these latitudes, the fiadi soils appesar on the plains

and terraces of the Central Vale, This pattern is continued on the Chiloé
dlsland, while on the very steep and dissected mountains of the andes on

the wainland opposite, the sub-acerial ash mantle continues unbroken, except
where recoved by in historic times by man-induced erosion. 4t the latitude
of the southern port of aisén (latitude 45°5) the trumao scils .still cover
the undisturbed hill and mountainsides, and further extend westward into
argentina where their allophanic properties diminish owing to increasing
dryness and coldness of the ratagonian climate¥, Allophanic soils continue
well below latitude 5095, but are somewhat restricted to a nerrow more humid
foothill region on both sides of the andean chain. &t high elevat ons,

and on the westoern ratagonian pampa conditions are too cold or too dry

for the formation of allophane in significant amounts in the soils. On

the hills east of runta wrenas (latitude 53°5), there are podzolised soils
which are in part formed from volcanic ash, but the amount of allophane

in their profilss (see Appendix, profile No. 10) is very small., An these
latitudes, most bog soils have layers of volcanic ash clearly preserved

in the peaty profile (see also auer, 1950). By studying the extent of these
ash layers it is possible to be certain that volcanic ash oonstitute* a
part of all the soils in the Magallanes Frovince., Yet ullOpth« is not

a significant feature of any of these solls.

e

This brief resumé of the distribution of volcanic ash soils in Chile would
be incouplete without mention of the allophanic soils of haster Island,

the menmrnﬂw)f outpost of Fhlivan territory, 2000 wiles from the Arauco
peninsulea, the nearest point on the South american mainland, “he voleanic

ash soils of iaster lsland (Dfaz, 1949; 1951; Wright and Dfaz, ibid) are
somewhat older and more basic in origin than most of the volcanic ash soils

of the Chilean mainland. They occur mainly on the old volcanic cones where
they are in part mixed with weathered scoria. Helated solls, possibly formed
from. a type of loess rich in volcanic minerals rasped from the steep c¢liffs
surrounding most of the island by the persistent trade winds, occur in patches
throughout. the island., . Three baster Island allophanic scil profiles
are inciuded: in the nppundlx (Nos. 45, L6 and L7) and are described fully

in Part 1V, :

e
S8

See also Wright, 1963 (iv).



and hunid zones of Chile
snic

There wre wmany volcanic wsh soils in The sub-humid

that do not achier recogni 55 brumao soils. ‘these are all older volc

ash scils, in which the hering process 1ls most advanced and amorphous

allophene has be lar cod Df hemi-crystalline and crystalline

clays like ﬂu;JOVFLflﬁ and kaolin, 1hese soils no longer have the morgho-

logical, chendcal, physical, nor the farwing or engincering, attributes

of trumao and radi soils: in Chile they are known collectively as the Yred

volecanic clay' soils, .and they fall outside the terms of this e qxirvf

atbnough some dntergrades between these soils and trumaos are mentioned

in in »urt IV nd a brief discussion on the possible origin of these soils
i 1

There are imy01uumt slogical and forming differences amongst the rious
kands of trumac fadi solls, and these will be considered in "sat@r
detall in thelr proper place, which is Port IV, sowever, before closing
this introduction, it is well to remember that from time to time, almost
the whole of the Chilean atuospherc must have been churged with fine ;
voleanic dust, and every soil in the country likely conteins some winerals
of wvolcanic or¢5in that ars not representative of the local rocks, The
proportion may be swmall, as Jjudged by the rensining resistant minercls (see
also Lebén, 1962), but the total cont Flbdtu@ over the centuries may be
considerable, and may account for some degree oi ; 1Lur*ud that may be
observed throughout the Chilean soll asse is nay be even mors
true of the soills of Argentina, o patient land that has accepted without
brotast many million tons of volcanic dust blown scross from volcanoes on
the Chilean side of the nandes.

e
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he common propertics of Chilean woauvphanic volecanie csh soils are discussed
in fart I of this report, together with a brief summary of the main kinds
of aillophanic voleand soils occcurring in Chile,
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ALLOMH&RIC VOLCANIC abH SOLLS UF ChIlk: GENERsl CHaRaCUERISTICS,

FURMATIVE BVIRONMehT, AND @alN silhDS OF SGIL

General characteristics

The general characteristics of allophanic volecanic ash soils in
Chile are as follows:-—

1, The whole soil profile tends to be mellow and frichle, usually with
clearly distinguishable depositional stratification, and with a distinct

colour difference, sharply defined, between the topscil and the subsoll.

Uecasionally one or wore of the subsoil layers may be pumiceous and cemented,

2, Topsoils range from brown to nearly black, and the natural colour (as
visible under the natural plant cover) persists for a long time after

the onset of farming, even where no particular effort is being made to sustain

the organic matter content of the surface soil., Textures are usually loam,

with varying amounts of sand and silt,

3., wubsoils are noticesbly more yéellowish than the topsoils; in extreme
cases yellowish~brown or yellowish red, in colour; ranging in texture
from loam to clay loam, and usually with a high content of silt (part of
which may be aggregated clusters of dried amerphous allophane). ihen
completely dry, the powdered soil behaves like fine sand and is slow to
rewet, but often the soil is only apparently dry and when squeesed firmly
between finger and thumb, there is an abrupt sheering sensation, and the
s0il becomes moist, with a rather '"slippery', "soapy", or "greasy" fecl,
Naturally wmoist soils, have an easily recognised greasy feel, and under
pressure they become "smeary" or, when rubbed strongly for some time in
the palm of the hand, the soil material may almost become liguid. All of
these are useful tests for the presence of allophane in appreciable guantities.

L. Deeper subsoil horizons are nearly always depositional strata, and may
vary widely in nature; their boundaries are often very distinet and
marked by abrupt changes in texture, compaction, consistence, etc,

5, Seldom, if ever, are the qualities of stickyness or plasticity pronounced
in the topsoil or upper subsoil horizon of allophanic soils. Lf these

appear in the lowermost strata, it is usually an indication that the passage

of time has permitted the change of allophane clay towards meta-halloysite

or one of the other structurally orientated clays.
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. The whole soil hos a low butk density, expres &8 o notable

Tfluffyness'; hoas low e wglphu} and the ¢ usually guite
poroua& hen thoroughly dried, peds are often daifficult to rewet, and
floet when thrown into water,

horizons igh water-holding o and & high
Aning capacity whgn orice thoroughly wet, Jper Sub%@li
horizon may develop very promi Lsﬂt shrirkage fissures on drying. Both top-
solls and subsolils form ] ce pl lars and needless where roadside cuts
are « sed to t hesving of the topscoil is commonplace

on ploughed land in winter.

Ly LR AN o s
/. e uppe
wWater-re

8, There is usu
relatively few

Ly intense fibrous root development in the topsoll butb
tree roots penetrate into the duwymr subsoll layers.

9. The soills range in acidity is comparatively narrow (pH 6.3 to 4.5)
considering the wide range in base stutus (2%8-90%), WMost of the
allopharnic soils lie within the range pH 5.9 to 5.4, yvet within this range
mey oceur solils ranging in saturation from T0r» to 5%, In other words, the
high dso-elecctric point of allophane tends to resullt in & misleadingly hilgh
soil pH re >, although the actual base status of the soil may be guite
low, The pH value zlone cannot be relied upon to give an accurate lead
to the plant nutrient status of the soil.

10, Chilean allophanic soils have characteristically a high buse exchange
capacitby; a kxeh anion exchange capacity, and a very high rate of
phosphate "fixation',

11, The soils o “fleult to \J«p@”bb properly for textural de tmrmlanLOW.

Soils that essentiolly clays by definition in properly dispersed
material, have field texbures no heavier than silt loam or cven fine sandy
loam. rroper dispersion may usually be achieved by treating the soils with
not dilute peroxide solution, washing on a Buchner funnel first with water

then with /20 hydrochloric acid, then again with water. and dispersing
Finally in sodium hexometasulphate solution at & strength of 3 grams per
litre (Birrel, pers, comm, 1960).

-~

12, Total nitrogen is high to & remar

is often accompanied by such a high total carbon content that the C/N
rations are commonly urmsually high for a considerable depth down the soil
profile.

kable depth in these soils, and this

3, Un analysis by X-ray and D.T.A. egquipment, and from inspection of electron
microscope photographs, QﬁlLuOﬂ allophanic soils (Besoain, ibid, 1958;
1961 1963, in press) have allophane as the dominant mineral in the clay
fraction, Besoain also veports that many Chilean allophanic soils have
considerable quantities. of gibbsite present, even in the upper part of the
subsoil horizon. iw this the Chilean soils differ from bew Zealand allophanic
soils where gibbsite sppears mainly in the lower horigons and strata. In

[
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the lower strate of some Chiloan allophanic scoils, where weathering of the
older depositional materials is more advanced, kaolin and amorphous silica
have been found along with halloysite, hydraeted halloysite, gibbsite and
hydrous oxides of iron,

14, The soils have a relatively high content of exchangeable alumina and
also contain free alumine compounds,

Many of these cnaracteristics of the Chilean allophanic soils are
precisely those proposed for a new world group provisionally called Humic
Allophane Soils (Kanno, ibid, 19563 1962), except that the topsoils of the
Chilean soils are less melanised (i.e., less dark and less rich in organic
matter), In Japan, the topsoils of many Humic Allophane soils have a humic
fraction which contains highly polymerised and condensed black humic acids,
of a high C/N ratio and high molecular weight. It has been shown that alu-
minium and allophane are in combination with fulvic and other humic acids.
This had not been investigated in the Chilean counterpart soils, but is
unlikely to be so pronounced as in the Japanese soils. Birrell (pers. comnm.,
1963) also reports that wany of the Japanese Humic Allophane scils are
extrencly acld, far wmore so than New Zealand (and also Chilean) soils developed
under eguivalent climatic conditions,

By the properties enumerated above, it is clear that the Chilean
allophanic soils are within the general concept of Kanno's Humic Allophane
group, but that the characteristics at present defining the group would
need some slight modification to embrace all the Chilean allophanic soils.

The Yormative Environment

Within the generel limits of humidity and temperature set out in
the Introduction, the allophanic volcanic ash soils of Chile cover a rather
wide range of cnvironment. The approximate range of the current environmental
characteristics (climate, topography, parent meterials, and natural plant
cover) is set down below. These are not only of interest to scientists
studying soil genesis, bubt have considerable bearing on land use practices
and matters discussed more fully in parts 11 and 111,

1. Climete

frecipitabion: at the dry extreme, allophanic soils occur under a preci-
vitation of somewhat less than 1000 mm per anmum, with a very unequal dis—
tribution in that there are no less than five continuously dry months (in
which the monthly rainfall is less than 60 mm), although rarely does any
month have less than 10 mm. In this area evaporation rates during the dry
summer months are very high,



of their moisture ronge, allophanic soils accour under
roanmum, with no well marked dry season,
g us to 3 moin depth, lasting

At the other extreme
a precipitation of over LOOU mm pe
Some areas regulorly expericnce winter snowfell

on the ground for one or two months; other arces are virtually frost free (e.g,
; . « - i N N / " ; . - -
rts of Chiloé¢ lsland) throughout the {see figs., ba and 6B), -
Txmxbrwggr‘ The average mean anmial perature ranges from about 157°C

to less then 8005 with ter (July) range of less than 1°9C to about 8.59C;
and an average summcr (January) rdn@; of around 13°C to over 20°C, Freezing
and thawing phenomena are charscteristic of some areas, absent in others,
(see fig o 7).

2. Topogrephy (fig. &)

as indicated briefly in the Introduction, allophanic soils may be found
on almost any type of relief, from the extremely rugged and precipituous
slopes of the southern ande to the flat plains and terraces of the central
vale. The topography perhaps most characteristic of the Chilcan trumao
soils, is the strongly rolling to undulating Vceje de nontefia” strip of
foothill country extending along the face of the andes from Chillén to near
Villarrica, This is & most importéant farming region, but here the soils
are only in ert derived directly from subaserial volcanic ash: mainly it
is & reglon where soils derived fr re-sorted and re-deposited volcanie
loess, The true subaerial volcanic ash soils are found further in towards
the volcanoes, usually on steeper hill slopes, and as stecpland soils amongst
the ranges., Un the plains of the central vale, the allephanic soils are
mainly derived from veolcanic loess and from volecanic alluviumg and aloeng
the cowst there are souwe areas of roliling landscape covered with allophanic
soils derived mainly from loess originating from coastal drift meterials,

Qi

3. rarent moaterials:

The most obvious diffe o obhe soill parent maeterials lics in the
presence or absence of punmice fragrents, and the proportion of ang or
rounded quartz sand, rumicecus and conspicucusly sandy volcanic H@tbrjwl
are more common in the soubth of the allophanic soil region (from Llanquihue
trovince southwards), but highly pumiceous areas zlso occur in the high

cordillera ot several places north of this limit, There is also a visible
coarsening -of the  materiols along any radius towards a volenc, ending
1 ash is obscured by coarse scoria and

at the point wher arge
ejecta or by recent lava, stratificetion of the ash b&k% also
incresses along sny radius towards the volcano at some distance from the

vent, where all csh 1s of & fine grade, atruhlzlc%tlon of the beds 45 some-
tlmws very difficalt to make out without laboratory investigation of selected

Few minerological studies have been made of the Chilean ash materials, except
in the case of cent volcanic eruptions (e.g. Ledn and FPolle, 1956).
GunblLL ﬁb&@qutxOng bhow tuut thx éfudt “@)or ty oi the zsh beds in Chile
ars comparatively
rard, Qccurrimg ohl »»»»» flv in Lou Ang bib% area where thgy originated from
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~antuco velcano, and descended on the lowlands os & sudden sand {low cornected
‘with the rupture of 2 lava barrier sceross the front of Leguna del la
also over small es near L volcano; and in the vieinity of
of the wore southerly groups of volcanoss, including several are
Province,

S50

in aisén

To a Chilsan, 1 Ty astural plont cover associobed with trumso
solls dg the roble \JUXbQP«suS obliqyw}; but this is true only over a limibted
part of the whe brums s0ils, - the scctor between Chillédn and
Puerto Octay, the andean corc .. blsewhere, trumao
501ils are assoclatec j rgreen forests (the “laursl" forests
with abundant lLaureliz : serrata, Drimys winteri, Aextoxicon
punctatum, and, especially i , Ineryphis cordifolia); with mixed
fﬁpcﬁts containing podocarps such as the mafilo (Fodocarpus nibigenus) and
' ] forests (}Ltzroyu cupressoides),

' ;“ud from most d”k&b
hrxthuban, 1956)
1 i la, Saxegothea,
: fOYVDu (wmthof 8uS unt@rctzc”“
1i0 ). In addition to the above types
found with savanna-parkland

L5 grass, m&th e Trous

no') and large isolated roble trees;
dowinsted by maqui (asistotelia

V 1 ica

- dithougn this m
of trumao soils;
dominated by colgie, be% ih Sb@ﬁldt«
Laurelia and othofagus nmt;uu; wmuh kol
and with ley forest (Nothof:
of forest er, btrumac soils
natural

Lion 1@ wmﬂvh th
scatteread

and under

De

sp. ). In coastal ﬁrn~9, some small yu((hvu of trumao corry &V&rgr@@m forest
with abund 1itre (Lithrea caustica), boldo (Boldea boldus) etc,

hadi nch narrower range
of natural hadi Lo u% of soubth-central Chile
contains gtmg«rvir:n*> OL%VJWLO \Aaxtu¥1con punctatum),

canelo (Drimys wintur1> fiirre (hothofagus antarctica), lenga (N. pum;]lo)
coiglie, arrayan (Myrceugenia wpiwulwbw)ﬁ avellano (Gevuina avellana) and
ulmo (Eucryphia oordziowa)g The forest is not of large stature, but it
varies but 1ittle over ite range from north to south. 1r anything avellano
and arrayd frequently encountered in the northern fladi lorests,
and udmo { in the south, Some of the shrubby species of the
second btier, even more typlcal of fadi soil conditions: amongst these
radal (lomatia obliqua), rmaltén (Maiterus bo;riﬂ)ﬁ quila (Chusguea quila),
Taique (Desfontainea spinosa), and Tiaca (Calcluvia paniculata), are reliable
indicator plants, In the extrems south of the fladi renge, the typical hadl
forssts merge with the Nothofagus dombeyi - Weinmannia trichosperma forests
of the north Patagonian rainforest. A gencrall of the natural plant
cover is shown in fig. 9. following an earlier map by Pisano 1950),

sed map
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The_wsain Kinds

At tne

proesent ti
to define accurabel
from volcanic ash
the nature and

is dnsufficient laboratory information

ﬂf the s ”L k;nd@ of allophanic soils derived
this st the best course 1s to indicate
'MFchijunpﬁy between the mein kinds of known
soils (an@ thes some dmportant kinds of allophanic solls as

yet undiscovered b what ad( LLWal X&borwtoAy information

is required bef ore the situation can be

AL the outset, it d1s obvious that thoe allophanic volcanic ash soils
of Chile fall into two main divisions: the scoils without drainage impedence,
the trumoso_soils; and those with some drainage impedence, - the fadi so0ils,

sproximetely five main sube
_ ised by differences in the
'wa;hcring} {\u(h¢ snisation (humus incorporation).
Opwfuulﬂg during soil formation, and they
out on all the othur kinds of scil in the
these other, somewhalt clder soils assoclated
& Lo get a wmore comprehensive idea of the
on soil fo tion, than I 1@, g@nﬁr&lly
alone., By thus cxtending tL scope of
b ith greater surety the approxims boundaries
brength of the weathering, leaching emd melanising

factors are rith about equal force, Using this technique, a map
showing the & & . wgth of these factors has been prepared (fig, 10).
There are six ‘ﬂﬁmkl“““ clng categories: slight, slight-to-moderate,
sub-mederate, moderale noderate-co-strong, and strong-to-very strong.

the latter category is restricted to Baster lsland. Within these six
catugories, the soil verying degrees of leaching and melanisation,
thCh secord fairld, recorded rainfall data, temperature data, and
of the scoil, & factors influencing the intensity of the soil
process,

Within the trume
divisions which can
apparent degree of
lhese are environmenteal
operate not only on trun
vicinity. LhnD, by gtdu
with trumao :
reglional
younger, trnmao
the enguiry, one i
over which the o1 Lt st

Q @iV}ﬁ»iOn' there are
imately Uh&TuOtx

In the
trumao in the snd
derived ngquLl 5
area of rel
altitude of

category, belong the scattered patches of
provinces of Talca and Linares; their
bes on the C@ntr&l Vale; a very small
what pumiceous, around leguna del daule (at an
ixW patches of volcanice loess along the coast near
Tregualenn; and xua~l areas of trumao at the margin of the Fatagonian
pampe betwoen Lo Lhudn L5 and Héwﬁ, These soils are all of minor extent,
but they are all no more than slightly vthered, and they all exist under
relatively weak we environment; although they differ amongst them—
selves "wthcr , in d of leaching and in mtgrua and type
of melanisati the Yextreme northern' examples of allophanic
volcanic ash 30115 in Chile.

o e
FaTet

In the second weathering cutegory, where the present weathering
lmpress ig slic* —to-wodera we have the main area of trumao soils of the
andean foothills and ranges stretehing from north of Chilldn to south of




los Angeles; together with thelr derived alluvial and colluvial associates,
Patcehes of recent voleanic ash, in which weathering is only Just commencing
ocecur near cerba.n volecanoes, bulb apart from these, the degree of weathering
appears to be falrly uniform over the zone, and the pain variations in the
s01ls are due to leaching and melanisation. T : esent the
"northern” group of allophanic volcanic ash so

ils.

In the thi

rd ecabtegory, where the present weathering lmpress is sub-
moderate (i,e, her more than in the preceding zone bub less than "moderate!),
we have an lngortant area of trumso soils centred about the frovince of
Cautin, 4n this zone, trumao soils extend from near the coast right to

the argentinian border, and include soils derived from volcaniec loess,
voleanic a.luvium, coastal drift (voleanic) loess, and subaerial volcanic
cash, some of which is wmerkedly pumiceous. Joils range from slightly leached
to very strongly leached, and from wvdkly melanls to strongly melanised,
These soils re i groug of allophanic volcanic

present an "modal or '"centra
ash soils in Chile,

In the fourth category, where the weathering lmpress can best be
deseribed as moderate, are the trumao soills of Valdivie, VYsorno, Llanguibue
and part of Chiloé rrovinces. Here again, there are trumacs of various

and origin, ranging frow slightly leached.to. strongly leached, and
from slightly melanised to very strongly melanised. These soils represent
the "Southern'" allophaivic volcanic ash soils.

In the £ifth bmtkkorj) where the weathering lmpress is moderate-to-
strong, we have soils in the south of the island of Chiled, in "Chiloé
Cconbinental', and in the southern province of aisén, Herc most solls are

fairly strongly leached and melanised, although the type of melanisation
varies rather widely., Thesc soils are the "extreme southern typsc of
allophanic volecanic ssh soil in Chile.

In the sixth and Jast weathering category, we have only the solls
developed near the voleanic cones on Haster dsland, and their related loessic
volcanic soils. ‘These soils represent the Chilean "tropical allophanic

voleanic ash soils.

With the exception of the sixth category, in which near tropical
peratures have markedly accelersted the rate of weathering, the remaining
five categories cover & relatively small range in mean anmial teuperature
(from about 15°C in the north to about 89C in the south, and the weathering
environment is clearly controlled wore by the mean condition of soil
humidity and by the pattern of the rainfall, than by mean alr temperaturcs
or by the total precipitation. The five wcmbh@rlng categories correspond
quite well with the mean length of the summer dry season: the somewhat
cooler but contimiously moist soils of the southern part of the trumac range
are contiruously moist soils and are thus subjected to considerably more
weathering than the rather warmer soils of the northern sector where the
golls are TmJWtBVULy dry. for nearly half the year,




admittedly, 1
largely an experiment
needed (more particul ly nineralo
in the succecd.ng parts 11 and 111, this
well with land use practices und with farming experience, In some cases

o

essentlal laboratory data is still
sions), bub, as will appear
subdivision does sccord reasonably

the suggested subdivision of the trumao soils cuts across soils that, up
to the _resent tis ; been & single pedological unit, - for

:

example the old Santa rbara Ls have been divided into two parts,
the northern part carrying the old nume and the southern part being
provisionally nuued Cau tromao soil,

s0ils, where soll processes are in part
« waterrogging, low oxygen content and the
seasonal development of soil ] rocesses, thuey can be regarded as |
either a single unit ("allophanic volcanic ash soils with drainage impud@ﬁ@@”)
or can be regerded as poorly drained allophanic soils related to specific
trumao soils of their rticular weathering region., hadi soils first appear
in the third weathering zone, reach their maximum expression in the fourth
zone, and dissappear as a distinct entity in the fifth weathering zone,

it may therefore be more convenient to regard themi as 1s the present policy
in Chile, as a group quite distinct from the trumaos, In this case, the
fiadi soils, as a distinct group, have moderately gleyed representatives
near the northern limit of their rdnge, and arc strongly gleyed over most
of thelr range, becoming transitioral to podzolic gleys at their extreme
southern limit. negerded in this light, as a group, they belong to the
Humic Gley category of the soils of the world, but deserve some &ddition&l
distinction since they are transitional to Humic Allophanic soils. ‘

strongly inf

astion on the nature, origin and classification
h soils of Chile will be found in part IV,

more detalled infor
of the allophanic volcanic as




- 20 -

PART IT1

USE, MANAGENENT, AND PRODUCTIVITY OF THE MAIN KINDS OF
ALLOPHANIC VOLCANIC ASH SOILS OF CHILE

Introduction

Farming endeavour on the allophanic volcanic ash soils improves as one
goes from north to south, reaching maximum effectiveness in the agricultural
region of Usorno. The farming trend is thus directly opposite to the general
trend of soil fertility, as measured by the soil base status. To a laree degree
this apparent anomaly 1s due to steadily improving soil moisture conditions in
the summer, offsetting the increase in soil leaching occasioned by increasing
rainfall; but 1t is also derived from a combination of several historical, soclo-
logical and psychological factors.

many centuries. DBoth the Araucanian race, and probably some of their primitive
predecessors, engaged extensively in subsistence agriculture. It is believed that
the Incas, who came victoriously south as far as the northern limit of the allophanic
volcanic ash soil, finally devised a system for bartering maize and other northern
cereals for potatoes and similar agricultural products grown by the unconguerable
Araucanians of the land further south, (Latcham, 1924).

After the Spanish Conquest, only the northernmost part of the trumao soil
became available for colonisation. Throughout Spanish colonial times, and even
for many decades during the early life of the Republic, the main (central) area of
trumao soils remained wholly the dominion of the Araucarian race. Thus, in the
time scale of Chile, farming started relatively late on a great many trumao soils.
Most of the soils in the Province of Cautin, all the soils of Valdivia and much of
the soil of Osorno Province were unavailable to Spanish and to the early Chilean
colonists. Indeed, there are still many areas reserved specifically for Araucanian
tribal farming in each of these three provinces. Beyond the southern boundary of
the Araucanian territory, which was near Usorno, first Spaniards and, later,
Chileans, were in occupation and were farming the land from guite an early date;
but this region (which includes Chiloé Island, and parts yet further south) was
so distant from the capital city, Santiago, that the farmers remained for a long
time completely dependent upon their own resources. Thus, the pattern of agri-
culture that emerced in these southern provinces was far removed from the typical
pattern of the latifundia that became established over the northern sector of the
trumac soils. In the south, it is true that some latifundia came into existence,
but the basic agricultural pattern was one of subsistence farming, and for many
decades only a minor amount of produce was 'exported' to Santiago and the central
Government (Lima). As the Araucanian race gradually became absorbed into the
framework of the Republic, a part of the main central area of trumao soils became
available for more intensive agricultural development, but by this time the
technical level of farming was much more advanced. So yet a third agricultural
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pattern appeared, in which latifundia, minifundia, squatter-farmers and tribal
farmers were delicately intermingled. At a still later date, when there was an
exodus of farmers from furope, many distinct racisl communities were encouraged

to settle in the central and southern trumao areas. If this influx 4id not greatly
change the emergent agricultural pattern, it at least brought some new ideas and
new techniques to the region.

Thus the impact of agriculture has been quite different in the three trumao
s0il reglons. In the different regions, agriculture started under diverse con-
ditions, at widely different times, and within a varving economic framework. There
are still significsnt sociclogical and psychological differences between the
farming groups of the different trumao regions, differences which, to this day,
partly obscure the influence of inequalities in basic soil properties. Indeed it
is not uncommon, in Chile, for the rate of progress of farming often to be related
more closely to the history of land settlement than to intrinsic soil properties.

a) Present patterns of soil use

Under this heading a brief resumé will be attempted of the main kinds
of land use at present to be found on trumao and fiadi =soils.

Central Chile is justly noted for the wide range of crops that can be
‘grown, but the list shortens appreciably in the zone where trumao soils first
appear. Crops that can still be grown include wheat, barley, rye, maize, oats,
flax,potatoes, rape-seed, sugar-beet, sunflower-seed, clovers and pasture
grasses. There is a further restriction of this list in the region of the
southern trumao and fiadi soils, where increasing cold and higher rainfall make,
for example, maize growing, sunflower seed and rape seed production more
uncertain and much less profitable.

In general, the asricultural potentialities of the northern trumao soils
(those between the iaule and Malleco rivers), are but poorly realised, with
the exception-of the irrigated volcanic alluvial soils where excellent farms
may be seen. In this region, wheat is commonly regarded as an essential cash
crop; and the long grass fallows needed to recuperate the soils after a period
of wheaﬁ cropping are regarded as an unavoidable nuisance, and few farmers
make the attempt to utilize this excellent opportunity to establish high-
producing pastures for fattening livestock. This northern region is, above
all, a region of "latifundistas", many of whom have far more land than they
can-properly farm, and the profits from the wheat crops (which move each yvear,
in long rotation over the wide landscape) are more than sufficient to satisfy
the owner of the land who rarely, nowadays, lives continuously on the property.
Thus, the great agricultural advantages of these trumao soils for livestock
farming are generally neglected, and the great majority of "pastures! seen
nowadays on these soils consist of volunteer grasses and herbs, most of them
of low nutritional value for grazing. By contrast, the southern trumao soils
are sown to a much wider range of arable crops and the rotation system is
tighter and more carefully planned. The central (Cautin) truman soils are
handled in a manner that is about intermediate between the two extremes. In



the south the traditional grip of wheat has been well and truly broken (if,
indeed it ever achieved an opportunity to dominate farm psychology). 1In the
central region, cereal crops are to-day giving ground to more-diver

gified .
farming. In both central and southern regions, far more use is made of the
grass fallow period between crops than in the northern trumaoc zone. In the

centre and in the south, the trumao soils may be seen emerging in their true
cotours; namely, magnificent scils for rearing and fattening livestock, and
for dairying. ‘ ' ’

The present day pattern of agriculturs on trumao soils 1s c¢losely
related with landforms. 1n the ranges of the Andean cordillera, much of the
trumac soil is still in foresty in part this forest is being selectively milled,
but part is still relatively untouched. Here, penetration of agriculture is
restricted to families of settlers, often virtually 'squatters' since they are
without title to the land, who have cleared small patches of the hilly land
and most of the narrow alluvial flats, to enable a livelihood based on 2 mixbure
of cereal cropiing, subsistence cropoing, and on charcoal burning. It is
regrettable that these piloneering families are often the cause of serious (but
usually unintentional) damage to the surrounding forest; vet it is thev who '
are primarily responsible for the most of the forest fires that occur every
summer. Such fires inevitably result in severe erosion of the surrounding

gteep ash-covered slopes of the cordillera.

A more closely orgamised type of agriculture is developed on the outer
foothills of the Andes, where much of the land is virtually the inland extension
of large latifundia whose central operations are on the plains and terraces of
the central vale. On these trumao-covered foothills, most of the original.
forests have 'been clear felled and, after a period of cropping in wheat and
ocats, have either been allowed to revert to natural pasture, or are maintained
mainly in pasture but are cultivated and sown down to cereals at irrvegular
intervals. Characteristically, these trumao hill soilssbill have a sprinkling
of large roble trees, left to provide shade for livestock, and timber for
various purposes. The trees appear strangely tufted because are usually trimmed
sach aubunn to provide firewood for the workers on the estates. Since most of
the culfivation is carried out by teams of bullocks, the presence of these
large trees is not a major obstacle to crop production, although it is often
very noticeable that the presence of the trees leads to great variation in
ripening and in yield within fields of oats or wheat and, especially, flax.

Thé trumao soils of the rolling downlands and high terraces that front
~the lowland plains and lower terraces are commonly very intensively used.
Formerly (and in some places, it is still the custom) these soils where sub-
Jected to a regime of continuols cropping. Year after year cereal crops were
harvested, until it became apparent that serious loss of fertility, and loss
of soil material by wind erosien, was markedly lowering the productivity of
the land. Nowadays, more enlightened farming, with short and long rotation
pastures interspersed between one or two vears of cropping is becoming general;
except on farms that are rented out solely with the idea of making quick
profits from the land., Unfortunately, there are far too many farms operated
on this basis in Chile. : : R '
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The trumao soils of the plains and lowlying terraces are almost
universally very well farmed. Un many farms, local irrigation systems have
been contrived, and the standard of farm management is frequently high. Sugar
beet growing now supplements cereal cropping, and both crops can provide a
farmer with,something approaching a stable, guaranteed, farm income. As a

u7£'0f‘m®r@ assured returns, farmers are finding it possible to modernise
dni mechanise their methods. An appreciable proportion of the dairy produce
of Chile.comes from the southern trumao soils, and also a large amount of
fattening is carried on. :

®

hccording to Roberts et.al. (1958), the acreage of wheat grown on trumao
soils was about 374,000, or almost 50% of all the wheat grown in Chile at that
time, The average yleld was 20 quintals per hectare, which is low, but yields
of 35 qulntuis per hectare could be achieved in good years. In the case of
oats, . about 88% of all the oats grown in Chile came fvom,trumao soils (in 1958),
with an average yield of 16 quinbals per hectare, and with yields of up to 50
gquintals in good years.

The fiadi soils are only at the beginning of their agricultural history
since they have heen farmed for rather less than 100 years. In the early days
the labour of clearing the forests and draining the land, greatly limited the
actual area that could be brought under farming. Now, with Government assist-
ance, a serious attempt is being made to incorporate these soils into the
agricultural economy of the country. The fadi soils require skillful farming,
and when properly managed grow excellent crops of potatoes, sugar beets, oats,
wheat, flax; and, moreover, make excellent pastureland for dairying, and for
fattening cattle and sheep. There are about 700,000 hectares of fadi soils,
but rather less then half of this area is being profitably used at the present

time.

The allophanic volecanic ash soils of Chile thus form a very important
item of the national assets, and any soll research and experimental soil
management trials carried out on these soils must sconer or later f{ind yeflection
in the improving agricultural economy of the country. It must be remembered,
however, that the use of these soils 1s by no means exclusively agricultural:
about two-thirds of the total allorhanic soil area has a far greater forestry
than an agricultural potential. Indeed, in many places, an extension of agri-
culture on to the ash-covered steep hillsides in the southern zone can only
lead to further disastrous erosion, as is very evident from the situation in
Aisén Province (" right, 1963, in press). Allophanic soils also have importance
for the engineers, since they are endowed with many peculiar physical propﬁrtmw
that require special engineering treatment (Diaz, 1959 Wright, 1961 ).

Soll management

1. General management practices

There is considerable uniformity of management practices throughout
the trumao soil region; a similar, but slightly different set of management
practices are in vogue throughout the fladl soil areas. Where atypical practices



are in operation, they are usually dictated by special landforms or by factors
relating to availability of irrigation water. The paragraphs that follow then,
are applicable to the majority of farms on trumao and fladi soils, - they refer
to neither the best nor the worst, but to the average kind of farm and farmers,
- and they more specifically relate to the trumao soils of the rolling and
undulating downland that extend along the foot of the Andean cordillera.

In preparing land for arable crops, the old pasture is broken either with a
single furrow moleboard plough drawn by oxen or horses, or with tractors
drawing multiple-furrow moleboard ploughskor heavy disc ploughs. There appears
to be a universal tendency amongst farmers to plough too late and too deep.
Ploughing usually starts in late spring or late autumn, vwhen the amount of feed
in the pasture has diminished with the onset of drought (late spring ploughing)
or cooler temperatures (late autumn plouck‘np} The ploushing process is often
a hurried one, and the job is seldom well done. A4 good deal of the original
turfy pasture is left with its original roots still atbached to the soil, and
the land surface is usually left in a most uneven condition. In the case of
late spring ploughing to prepare the land for autum sown wheat a summer fallow
is arranged. During this fallow, there is generally spectacular growbh of
weeds, amongst which is an abundance of 'chépica' grass (Agrostis sp.) which
sprouts readily from rhizomes only partially severed during ploughing. Chépica
is accompanied by other annual and perennial weeds of all types. Often little
is done to check this weed growth until near the time of sowing, when, what
virtually has become a newly sodbound volunteer paotur69 is cultivated to some
extent with a disc harrow, or some similar implement, to prepare a seedbed.

On thlu rather unpromising seedbed, seed isg broadecast by hand and subsequently
disc harrowed to cover the seed. If fertilizers are being used, phosphate may
be also broadcast at this time. Relatively heavy rates of seeding are customary
t0 combat the subsequent losses due to weed competition, and to replace loss due
to attacks from ground-living insect pests. lMost seedbeds are, alas, very
"turfy', roughly prepared and unevenly consolidated. Germination is often
patchy and the young plants usually show very distinct signs of nitrogen
deficiency. Wheat is the main aubumn sown crop, and sowing rates are often

in excess of 160 kg per hectare, while phosphatic fertilizers (often the
relatively soluble types like "Bifos", "Guano Hojo", and pr@T@hOQph&t@> are
applied at rates of 80-120 units per hect@re, and are nearly always broadcast.

During the growth of the crop, it may be observed that the great majority of
the plant roots show a decided disinclination to penetrate far into the subsoil;
and a mature plant often shows a root gygtem.that conslsts v1r1ua11y of balls
of short, close-growing, surface roots springing from the base of a stem that
shows very little tillering. At harvest time, the majority of crops appear
very 'thin'; and it comes as no surprise to learn that often the yields are
only of the order of 800 to 1000 kg per hectare. Such a low farming return
could not be tolerated if farm labour costs were not also low; and such yvields
cannot possibly pay the capital investment needed in new and better machinery.
As it is, far more money is invested in harvesting machinery than in machinery
for preparing and maintaining the soil. Fbrhdr% the explanation of tihis lies
in the fact that, on some farms, harvest timé is almost the only time in ‘the
vear when the owner 1is present to supervise aﬁvlcultural operations.
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The standard of soll management improves in going from north to south, but

many of the above features (which relating mainly to land preparation and wheat
cropping) may still be observed as far south as Osorno Province. With this type
of soil menagement, it is remarkable that wheat growing is considered profitable;
but ‘wheat is one of the few crops that has an approximately guaranteed price,

and it is also an historically important crop in Chile. But it is certainly

not the crop best suited to either the trumaoc or the fadi soils.

The crops best suited to both fiadi and trumao soils are unquestionably grasses
and clovers, except on the volcanic alluvial soils of the plains where most
solls are well adapted to arable crops. In general, arable crops should be
regarded as an integral part of a rotational system, associatedl with the
breaking up of old grassland, and as a stage in the preparation for new grass
swards., Arable crops should thus be regarded as a means of making profitable
use of the fertility built up during the previous years when the soil has been
under pasture.

Management of the soll under pasture is usually far from good. Most farms are
inadequately subdivided so that there is little effective grazing control:
little is done to control or eliminate weeds that inevitably appear; control

of blackberry bushes is usually only attempted by seasonal buming which often
eliminates more fence posts than blackberry bushes; pastures are seldom regularly
or even adequately topdressed with fertilizers; and a host of similar management
practices that are virtually standard techniques for grassland farmers on ‘
similar soils in New Zealand, are dispensed with. The result is that what
appears, in its first season as a promising pasture, rapidly deteriorates into
a very poor sward with little sustained feeding value. In the absence of
regular phosphatic top—dressing and failure to ensure efficient grazing manage-
ment, clovers usually disappear from the sward at an alarming rate. Damage by
grass grubs and other root-cutting insect pests is also widespread. Only a

few of the farmers, mainly those in the central and southern trumao regions,

can demonstrate first-class well-managed pastures, but the fact that these
examples exist abt all serves as an indication of what these soils can do if
they are properly managed. '

With regard to arable crops other than wheat, the soils are often somewhat more
carefully minaged, but, nevertheless, there are very frequent cases of low
yields due to uneven germination caused by improperly prepared seedbeds; cases
of very slow and uneven growth after germination due to the presence of lumps
of grassland turf; general fallure to apply adequate amounts of nitrogenous

and phosphatic fertilizers; failure to check attacks by pests and diseases;

and cases of c¢rop ylelds diminished severely by weed competition and by uneven
ripening. All of these factors are basically due to poor soil management.

The following paragraphs are more concerned with specific aspects of soil
management .

The comment has already been made that, in general, trumaco farmers plough
too late, too hurriedly and too deep. It will be evident from a study of the



available chemical data vresented in part IV /, that in trumac soils a very large
part of the natural fertility resides in the topsoil. UlNot only is th@ base
status of the topsoil far higher than the subsoil, but the phosphate 'fixing'
power -is slightly less in the topsoil and, morecver, plants have &hu possibility
of drawing some of th@xr phos pmgfﬁ reguirements from the organic-phosphate
complexes of the humus -system. Therefore, any technique or operation that
seeks to dilute tuyw01l Mthriﬁl with subsoil material will be harmful to crop
growth. An additional factor is that natural topsoils are usually slightly
firm whereas the subsoll immediately beneath is often extremely powd =1y and
very friable. It is better to try and compact this latter horizon rather than
stir it up and mix it throuvh the topsoil.

Iuvt@dd of using molebaarﬁ ploughs (which, in any case often scour inefficiently
owing to the lack of quartz sand grains in the soil: - see Roberts, et. al.,
1958 -~ or heavy disc ploughs, an instrument is needed that will chop up the
old pasture and stir up the very surface of the soil while at the same time
compacting the soil beneath. Whem,th@ moisture content of the soil is right,
a standard disc harrow can be used to prepare an excellent seedbed on trumao
goils, but the land has to be worked several times in a criss—cross pattern
and the cutting edges of the discs should be set as straightly as possible to
ensure only shallow penetration. If the grass sod is very thick and tough,
some preliminary treatment with a simple grass "grubber' is advisable. Any
implement or technique that penetrates deeper than 15 cm is digging too deep;
a cultivation depth of 10 om with very well-chopped grassland residues is to
be preferred.

After achieving the right'd@gree of breaking~up of the old pasture sod, the
tilth can be further - improved by alternate light rolling and harrowing, until

a very firm, smooth and even seedbed is achieved. If the land is to be left for
a summey fallow, periodic strokes with a light offset disc harrow will maintain
the land almost free of weeds. If the surface becomes too powdery from this
treatment, the light roller can again be used. Rolling is extremely important,
especially on summer fallow, to conserve the soil moisture. Soils that are
rich in allophane clays need to be kept slightly moist to give best results.
any technique that reduces moisture loss helps to prevent the drying out of

the goil clay, and so reduces the aggregation of the clay into gilt-sized
particles that are easily removed by the wind, and so slowly return to their
original amorphous condition when the land is molstened by rain.

A1l crops, without exce i Lon,. should be drilled into the soil and phosphatic
fertilizers should be @ﬁpl&ﬁ@d either with the seed or in bands alongside,

at the time of sowing.. Sowing should be followed by further light ?Olllﬂgq
especlally necessary if the soil is rather dry, Wt this operation should not
be omitted sven if the soil is guite moist.

The objective in all these operations is to increase the soll consolidation;

to keep within the topsoil layer; to break up and distribute the grass humus

as evenly as possible, and to conserve what moisture is available in the soil.
Proper respect for the tillage requirements of trunao soils will go far towards
reducing crop losses due to frost-heave in winter; helps to prevent the
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proliferation of ground-dwelling insect pests; and reduce losses due to weed
competition and to uneven ripening.

A surprising number of these Obs@rV&ﬁiOﬂ“ apply equallv well to nadi soils.
These so0ils have an initial problem of poor drainage, but in overcoming this,
~many farmers fall into the error of over-draining their soils; so that
@vemtudlly, during the summer season, they are dealing with the equivalent of
~a rather.acid and humus-rich kind of trumac soil, in which the chief limiting
factor to production is actua 11y a lack of moisture. It is very easy to over-.
~drain fadi soils. ‘ ‘

The tillage requirements of Hadi scils are closely bound up with drainage
operations, and both aspects are discussed more fully in the following section
on moisture conservation, irrigation and ir&lraﬁov

.

3. Sodl moisture Conservaﬁlon irrigation and drainage

Bach Qf these thres aspects of soil management are 1nt1mu+@1v cone erneﬁ
with the peculiar properties of allophane clay. Allophane is an amorphous
colloidal substance that, when moist, can expand its envelope to embrace a
relatively large volume of water, and hold much of this incorporated water
against the normal pull of plants roots or surface evaporation. Under strong
drying conditions, the colloid slowly loses water and shrinks in volume. Often
adjacent colloidal particles shrink towards each other so that clumps of
colloidal particles are formed. When thoroughly dry, these colloidal clumps
have the size of fine silt and they reabsorb water very slowly. Often the
soll may appear quite dry, yet under the influence of a very low night temper-
ature water may be-extruded to form long frost-pillars such as are often seen
on exposed road banks in winter. When squeezed between the fingers, soil that
has the apparent texture of silt or fine mwnd MAY budd@mlv extrude, sufficient
water to give a dlutlﬁCt "slippery" or greasy" feeling.

These physical proper*lc become particularly dmportant - when the soils are
subjected to any marked departure from their normal moisture regime: - such.as
occurs when normally wet solls are subjected to dra drainage. (as in the case of the
fladi soils); or when forest soils are cleared, ploughed and sown down to arable
crops; or when trumao soils are subjected to continuous irrigation. The farmer
often seeks to introduce severe and abrupt changes in the soil environment, but
although often at first, slow to react to the new conditions, yet when the

oils do begin to change they may do so. rapidly and in an undesirable mannerw'
With allophanic soils it is very necessary that f@rmoro curb thelr impatience,.
and develop their management technigue consistently and step by step, so thaﬁ
sbrupt, often irreversible, changes in the soil gystpm,mav be minimised.

The conservation of soil moisture in well-drained brumao soils has already
received mention under the head of 'willage'. It is always an important aspect
of their management, but it also has considerable significance in drained fadi
soils. It can best be achieved by maintaining the land in a congsolidated con-
dition at all times. In the northern trumaso soils, the naturally light and
fluffy condition of the upper horizon of the subsoil has to be gradually
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changed to a firm, well-packed, layer for best farming results. This poorly
consolidated horizon diminishes in thickness and fluffyness in the central
trumao soils, and all but disappears in the southern trumacs, but it often
appears in drained fadi soils. Two kinds of roller, light and heavy, preferably
constructed of independent small segments, are essential items of farm equipment
for farmers on allophanic volcanic ash soils; especially where the normal stock-
ing rate of animals on the pastures is rather light (such as occurs on farms
where inadeguacy of subdivision fences prevents closely controlled stock manaze-
ment /.

Irrigation problems on trumao soils are rather more subtle., Most of +the
allophanic volcanic ash soils under irrigation are derived from volcanic allu-
vium and are hence of somewhat more mixed origin than trumao soils from loessic
or subaerial ash materials. They usually contain more quartz particles and,
often, relatively less allophane clay due to admixture with other types of clay.
Irrigation water may, abt first, be slow to penetrate into these soils, but once
the surface is moist it usually moves rather rapidly down through the profile.
Yor this reason, the soils give their maximum production when irrigation water
is applied rather frequently and in closely controlled amournt. The traditionsl
Chilean system of flooding the landscape once in a while with absurdly excessive
guantities of water, may work reasonably well in some soils, but it is extremely
wasteful in trumao soils and may do lasting harm. During the relatively long
interval between successive floodings, the amorphous allophane tends to shrivel
to form aggregates which, being slow to re-absorb water, move into the cracks
and flssures in the soil when an excessive head of water is applied at the soil
surface. These, in time, block the natural pores in the soil and lead to
deterioration of the rooting environment. If the lower horizons of the soil

are slightly compact (and this is often the case with many brumao and Hadi soils),
excesgive lrrigation produces temporary waterlogging of the subsoil, which
further affects the efficiency of the plant root system., Such a regime of
alternate wetting and drying is not at all suited to allophanic volcanic ash
soils (unless the land is to be used for rice cropping), and farmers who invest
capital in irrigation systems  for trumszo soils need to be particularly careful
to see that the water is applied to their land in a sensible and sconomical
manner. ‘

In the case of fAadi soils, Chilean farming practices seem to be mainly an
adaption of practices currently in use on semi-swamp soils in North dmerica.
Comparable allophanic soils scarcely exist in the latter region (exoep@ perhaps,
in parts of the states of Uregon and Waszingten) and it is thus less surprising
if, for lack of local study, Chilean farmers are not getting the best results
from their fiadi soils. ’

open field drains by hand after the land has been roughly cleared of the natural
forest. These are invariably excavated down to the compact and cemented gravels
which usually are found at about one metre below the soil surface. In this
condition the land is used for rough pasturage for a few years, while the
remainder of the trees, brushwood and stumps are gradually being cleared.
Further deep lateral drains are often constructed during this period. After



a number of years of hard work, the fnrmpr hage succeedsd in creating an area

of cleared and drained potuxt;@l farmland, with soils that are dry enough to
carry stock all through the rainy winter season. However, the quantity of feed
from the pastures in summer is often moot'dlaappointiﬂq. On a number of farms
this is certainly due to over-—drained summer conditions, although it is least
in evidence on farms where fertiligers are regularly used and stock management
is of a high order. .

The result of va1~ﬂraimz"g of allorhanic soils may be more serious than most
farmers realise Under natural conditions fadi subsoils are continuously mnmqﬁ,
even during th@ drxast weeks in an abnormally dry summer season., In t
natural Covdxtlonj the amorphous allophane clay is probably in a cont;wuﬂu%ly
hydrated state and has become adjusted to that state for over a very long pcrloi
When dralnage operations commence, the surface water first finds its way into
the drains; and then, more lowly, subsoil layers begin to discharge into the’
“drains. Nher? the drains are deep, the process is a more or less continuous
one and the soils steadily dry out, except during actual rainy periods when
there is some recharging of the surface layers. After a few years, w&t@r loss
from the upper part of the subsoil is sufficiently advanced to allow th
allophane clay to dry out (i.e. to lose water formerly held within t%v‘ao bual
colloidal envelope of the clay Li?ﬁ’bl&a) during the summer, and the clay
shrinks greatly in size. -~4djacent clay particles often 3QKTbg&tu together to
form new particles of the size of fine silt. OUnce properly dry, these particles
are difficult to re~wet, and when the first rain comes after a dry period they
appear to move down the profile into cracks and fissures. In some soils they
tend to pack and accumulate (often this occurs along the interface between two
unrelated ash strata) forming a temporary silt pan which becomes an impediment
to through drainage in winter. In time, the clay regains some of its power of
absorbing water and behaves as a clay-enriched horizon which may function as
a serious impediment to drainage and gives rise to perched watertables. ilany
~ of the farmed fladi soils show incipient development of these silt and cﬁa
“enriched horizons in the upper subsoil; and they often prevent the ganotration
of water into the lower subsoil during the autumn and early winter months,
The lower subsoil materials become wetted by the slow, gradual, rise of the
true watertable extending upwards from the compact gravelly substrate. The
dry zone in the subsoil, between the upper- (perched) watertable and the lower
(true) watertable is elzmnnatwd ‘only when the lower mftmrtahla level rises to
Connewt with the perched watcr 1bOVb'

4 thoroughly dry fiadi subsoil has a most fearsome appearance (see Fig. ),

with fairly regular, very wide, shrinkage cracks extending from the base oi the
topsoil to the gravelly substratum. Soils that have dried out to this degree:
are never encountered under natural conditlons and fortunatelyr seldom occur on
farmed land except in the lateral walls of roadside 'borrow-pits' and in very
deep drains. Soils that have dried out to this condition, have very rapid
drainage and there is a tendency for the subsoil pillars to collapse with the
passage of subsoil water, making drain maintenance a constant worry for farmers
whose goils are approaching this overdrained condit ion. ’ ‘

ig
b
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The aim of land development on fiadi soils should be the gradusl lowering of
the watertable, accompanied by gradual consolidation of the land. During thece
operations, the subsoils should never be allowed to become dry. It would be
far better to carry out all the clearing and stumping operations on the land
before drainage is attempted at all, and then, when the land is fairly clear
and level, the drainage pattern should be traced lightly in the topsoil with
plough or scraper before the fence lines are put in. In this sbate the land
can be used quite well for summer pasturage, but stock may need to be taken
of f the land during the wettest part of the winter. The soils will usually
bear heavy machinery in the summer, and at this time, successive discing and
operation of rolling and, finally, sowing of pasture grasses and clovers can
be carried out, - accompanied always by application of fertilizers.

after some years in this condition, consolidation of the topsoil and upper
subsoils will make necessary the despening of the drains. These can be deepened
by machinery or by hand, but in this stage of the development operations they
should not extend all the way down to the compact substratum, except in the
case of very shallow Hadi soils. It should be remembered that this substratum
is usually not a smooth sheet but has its own slightly undulating surface,
independent of the undulations of the soil surface. 4s a result certain areas
are naturally 'ponded' areas which are difficult to drain. In some Padi soils
where this feature is common, the only solution is to make a topographic map of
the two surfaces (the substratum and the actual soil surface) and plan underground
channel-ways to relieve the accumulation of water in the higher ponded areas.
To do this explosives may be required, but in all cases the excavated channels
should be filled with brushwood and the soil replaced and levelled across the
drain.

With the establishment of this second stage in the drainage system the land is
ready for intensive farming. Additional fences can now be installed and the

land can be worked in very much the same manner as the trumao soils, with emphasis
on surface working of the soil and on occasional rolling to maintain consolidation;
with strong emphasis on the regular application of fertiligzers, placed near the
gseed in the case of phosphatic fertilizers; and with careful stock management

to control weed invasion of pastures. The chief difference between soll manage-
ment of properly drained fiadi soils and the naturally well-drained trumac soils
lies in the need for greater care in selecting the right scil moisture conditions
for tillage operations. This is especially important in the case of fadi soils.

Lis Soil conservation

Soil conservation measures are not widely adopted by farmers on trumao
soils. In part this is due to the excellent natural tilth of the soils which
supports abuse far better than many of the associated solls in the local soil
assemblage, and in part it is due to lack of understanding of the subtle action
of soil erosion. The Soil Conservation Service of the Ministry of Agriculture
has from time to time amply demonstrated simple systems of soil conservation
suited to these soils, but the demonstrations have often had all too little
impact on the subsequent practices of the local farmers.



Two kinds of erosion are prevalent: wind erosion of topsoil materials from
ploughed fields, and sheet and rill erosion from cultivate sloping land. Thé
latter class Of erosion occurs even on very gentle slopes by virtue of the fact
that sun-dried topsoils absorbs the water from a heavy shower rather slowly, and
during the onset of rain theré is at first a considerable volume of %urfaca run-
off whioh carries away important amounts of topsoil material. Deeper kinds of -
erosion (e.gs gulleying and slipping) are less commo&, except on btuepland s0ils
in the Andean ranges wheére truly spectacular slips and debris-avalanches are
often widespréad on land cleared for farming (Wright ana Mella, 1961). In the
Frovince of 4Aisén, where thm ash mantle on steep slopes rests uneasily on un~
weathered underlying rock, any disturbance of the forest root net-work may bring
down millions of tons of UOLl rocks and trees on the hapless vallay settlements,
(Vogt, 1948, p. 188). o
Thus-erosion is far from balng absent in trumao soils, as many farmers claim.
Erosion may also appear, in the form of rill erosion, in fiadi soils on very
gently sloping land. The soil conservation meagur@svneeﬂ@d are generally fairly
simple ones. In the case of the spectacular erosion in the Andes, obviously the
steep hillsides should not be deforested and the valley farmers should be under
serious threat of confiscation of land if they do not observe proper fire-control
methods when burning off invading second-growth vegetation. On the landscapes
of farmable but rather sloping relief, contour ploughing and working the land
“along the contour should be adopted more generally. This applies particularly»
to the farmers of Chiloé, where the more fertile soils are mainly to be found

on strongly rolling to aamewhat hilly landforms and where the practice is,
almost without exception, the growing of row crops (mainly potatoes) up and

down slopes which are- often in excess of 20°, Undoubteédly, in. Chiloé, this
custom 1s related to securing maximum drainage conditions to combat the high
precipitation of the region, yet the general loss of topsoil is so serious that
a considerable areaof land has now gone out of cultivation, and many areas are
showing a marked decline in p?oductjvity Contour ploughing and contour culti-
vation is to ‘some measure practised in the Osorno, Cantin and Llanquihue Fro-
vinces, but it is by no means as general adopted as it should be. This valuable
technique is Vlrtua]lj L%ROT@d by fhe luflfUﬂdlat“S of th@ northern trumao
region.

For trumao soils, scil’ton servation is practically synonyméus with moisture
conservation, and the tillage practice of consolidation (by rolling) also help
to diminish losses from wind erosion. On most trumao (and meny fladi) soils,
the forest was cleared without giving thought to leaving shelter-belts across
the line of the prevailing winds. To-day, winds sweep unchecked across the
land, picking up the deep-ploughed, very loose and powdery topsoils which are

especially vulnerable when the ground is bare before sowing, and again when the
stuoul@ is burned after harvest. This dust (the 'trumao! of the Araucanian)
piles up in dunes in the sunken roads and along hedgerows, and it r@pr@ ents
some of the beof of the soil mdterlalo, stripped from the farmer's field..

<

5 Uge of fertilizers

The proper use of fertilizers is an essential part of farming on trumao
and fadi soils. As indicated at many points in this report, the phosphate
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'"fixing' power of the allophanic volcanic ash soils is exceedingly high, and

is complicated by a phenomenon that appears to be related to aluminium toxicity.
For some crops (e.g. sugar-beet) almost no growth at all can be obtained unless
some phosphate is supplied; and reasonable economic crop yields require that

the phosphate be placed in the soil in close proximity to the seed, In the
absence of phosphatic fertilizers,with aluminium-sensitive crops, there is little
growth beyond the seedling stage: the young plants survive for a while on the
food supply in their cotyledons but when only a few centimetres high, growth
gradually stops and the plants become more and more vellow; subsequently showing
gpreading necrotic pabtches until all plants die, This rthenomenon is thought

to be due to aluminium toxicity and the phenomenon is still under active investi-
gation (&. Letelier, pers.com., 1963). It is of great importance to the recently
established sugar-beet industry that this problem be thoroughly understood.

The problem of phosphate fixation in these soils appears to be somewhat similar
to that explored in some detall in New Zealand (e.g. Saunder, 1956, 1959; Jackman,
1955) and in many other countries. The total quantity of phosphate in these
soils may be quite high, but by far the greater part is incorporated in organic
compunds or is bound to the anion exchange surfaces either directly or through
alumina and iron. In none of these forms is the phosphate readily available

to plant roots. Schenkel (pers. com., 1961) has shown that in many trumao soils
up to 90% of the added phosphate changes to forms that are difficult to extract.
In New Zealand, on some volcanic ash topsoils, up to 60% of the soil phosphate
may be present as organic phosphate which becomes available to plants only at

a very slow rate. To offset this intrinsic soil property, farmers need to pay
special attention to regular phosphatic topdressing, using relatively large
amount s and methods that place the phosphate in the soil near the plant roots.
If simple phosphate fixation were the only limitation to fertility in these
soils, very finely ground wvery soluble forms of phosphate would be expected to
"fix' most readily in the soil, whereas coarsely ground or artificially 'pelleted’
forms of phosphate would be expected to have the more lasting effect in plant
nutrition on these soils. The presence of a toxicity factor that appear to be
assoclated with aluminium introduces a complicating element, for the best and
quickest way to overcome an aluminium toxicity is likely to be the application
of some highly soluble form of phosphate, or even a solution of phosphate. For
this reason, farming opinion is at present divided between those who claim to
get the best results from more soluble forms of phosphate, and those favouring
slowly-soluble forms. This is an important field for future research,

Many crops sown on trumao and fladi soils show sirns of nitrogen deficiency
during their early period of growth, and most crops give a good response to
added nitrogen. It 1s not yet legal to use manufactbured ammonium nitrogen ferti-
lizer in place of sodium nitrate in Chile, and there is little doubt that farmers
on trumao and fiadi soils are penalised by this law. 3Ixperience overseas has
shown that, on allophanic scils, ammonium nitrate 1s the far more satisfactory
and economic fertilizer to use. In part, the need for nitrogen arises from the
turfy nature of many seedbeds, and this latter feature is often responsible for
the patch growth of the crops; but nitrogen is generally somewhat deficient in
almost all trumao and fladi soils, - as witness the marked improvement in crop
growth in areas formerly occupied by old haystack accumulations, and by the much
greener pasture growing at the site of animal droppings in grazeéd pastures.
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he application of lime to trumac and fHadi soils is somewhat controversial.
On the basis of pH, most soils range from weakly to quite strongly acid, and
exchangeable calcium in the cation exchamge complex is often low. On this
evidencé alore, one would-imagine that these soils would be responsive to.
liming, especially if applied in conjunction with adequate amounts of reverted
superphosphate, since in this way some of thé phosphate 'fixing' power of the
soil might be neutralised. Hesults from field trials have, however, proved
inconclusive; except possibly those conducted near the southern limits of the
trumao range, where mﬂny'iarrbrs congider that liming is definitely a paying
‘proposition. :anr are geveral possible reasons for this, all with relationshij
to alumina and alumincus colloids. For example, it has recently been shown
(Fox, de Datta and Sherman, 1962) that under the tropical conditions of Hawaii,
one of the important reactions of lime in acid soils appears to be the replacement
of exchangeable alumlnlum in the exchange uomplcx by calcium, with the consequent
formatlnn of alumlnlum hydroxide. In New Zealand, it is the custom to apply

ost of thé lime (with phoaphﬁte/ to the pab{ur@ﬁ, and not directly to the
ploughed s0il neéar the time of sowing; possibly this is the reason why lLiming is
usually regarded as beneficial to farming under New Zealand conditions,-yet its
value 1s still doubtful in Chile. Also, it must be remembered that most Chilean
allophanic volcanic ash soils @re rather less weathered than their New Zealand
counterparts, and that there is wreater possibility of interaction between lime

and the initiel (ionic) products of the weathering of volcanic 91@83 uni@r

Chilean 'conditions. Very large dressings of lime may be needed in Chile to get
the same magnitude of response as in New Zealand, and also the time of appllca~
tion of the lime may need to be quite different. The placement of lime by
drilling it into the soil simultaneously with seeding is a new technique that
might be worth trial in Chile. o ' ‘

Few farmers regularly apply potassic fertilizers to their soils, and careful
experiments (Let elier, pers. com:) show that in most trumao soils and many fadi
soils there is no economic response to added potash. In general, this agrees
with chemical data which indicate that adequate levels of exchangeable potassium
are normally present in the soils. It ig also true that there are a few solls
that have low exchangeable potash levels yet give no measureable. potash.responses.
In view of the high cost of the imported potassic fertilizers, thelr widespread
use should not be encouraged until further e xp@rlmen sl data are available.

With regard o theoretical potash requirements on these soilg, it is interesting
to note that Ju@‘parﬁnt ash seldom contains layer-type smllcates that could weathe.
to form platy illite-type clay minerals (Fieldes and Swindale, ibid, 1954) which
can 'fix' potassium in difficulty -available forms. Hence, when the exchangeable
potassium of the cation exchange complex is exhausted, the only source of fresh
potassium will be from the weathering of primary minérals; and when most of
‘these are exhausted (as will evertually oceur in the more strongly weathering”
environmental zone where there is no fresh addition of volcanic ash to the soil
surface) indications of potash deficiency may appear. This may be occurring in
the case of somé soils in Chiloé Island at the present time. Potash deficiency
symptoms were recently noted in potato crops. The extension of sugar-beet
cultivation to Chiloé Island may bring this possible deficiency into greater
prominence.
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Much the same comment may be made concerning the use of magnesium and of the
minor elements on trumac and fladi soils. In the few trials that have been made,
no marked or consistent responses have been noted, apart from a very marked but
irregular response to sulphur that has appeared in some soils. Sulphur, in the
form of sulphate, gives excellent responses in some seasons (more especially
with clovers), but the effect cannot be guaranteed in subsequent seasons. There
clearly is some relationship between this response and seasonal microbiological
activity under varying moisture conditions. Since soil microbiology is an
almost unexplored branch of soil science in Chile, the validity of using sulphur
compounds as soil amendments must await the development of microbiological
research in the territory.

Boron has been widely used as a soil amendment in the region of the southern
trumao and in fadi soils; = to such an extent that it is now difficult to be
sure of the original boron status of many agricultural soils in the region.
However, boron deficiency symptoms seldom appear in sugar-beet crops, and it

is arguable to what extent this is caused by residual accumulation of boron in
the soil resulting from the widespread use of boron in former years and how
much is due to the presence of adequate levels of boron in the soil in nature.
Trials with boron are needed on strictly 'virgin' soils to elucidate this point.

Very little spectrographic work has been done on Chilean soils, and spectros-
copic equipment in the country appears to be used mainly for demonstrations for
teaching purposes. There is no clear picture of the minor element status of
allophanic volcanic ash soils in comparison with that of other Chilean soils;

nor in comparison with similar soils in other countries. Some recent work was
carried out on allophanic volcanic soils from Easter Island (Vells, pers. com.,
19523 slso Dfaz and Wright, in press) that show these soils to be of approxi-
mately equivalent minor element status to comparable soils in New Zealand and

the Pacific Islands.

. Crops and cropping systems

This aspect of soil management has already been partially covered in the
introductory paragraphs of this section. In general, established cropping
systems scarcely exist on these soils in Chile. Vheat is often sown when an
imnmediate cash return is needed, irrespective of any planned cropping rotational
~gystem, and irrespective of the condition of the pastures that have to be ploughed
up. Crops other than wheat are likewise sown, more on the basis of the economic
prospects of the current market, or because certain farmers found the crop ‘
highly profitable in the previous year, than as part of planned management
practice. This leads to alarming fluctuations in volume of produce: alternating
scarcities and excesses of production that, in the end, leave many farmers, dis-
couraged and poorer despite their best endeavours. A year of high prices for
a particular crop is almost invariably followed by a year of excess production
and very low prices,



In Chile, it is therefore doubtful whether, outside of the field of animal
husbandry, planmed cropping systems can hop@ to emerge without the stimmlus of
guaranteed prices and assured markets. Only in the comparatively new endeavour
of sugar-beeb growing, where there ig an assured market and an established

scale purchasing price, are Ui&ﬁu@d arable crupplnﬁ sy st ems bpglnm¢~% to emerge.

£

7 Soil management, Drﬁblwn

Many soil management problems have been referred to in earlier paragraphs,
and this is p@rhap% a suitable place to summarise themand restate thelr relation-

ship to +h@' pTQUQrtlos that are inherent in all allophanic volcanic ash
001‘L»_>g :
These soils possess several speclal blessings for the farmer. The floculated

allovhane Cluyu ensure friability and excellent tilth; and as a consequence the
soils may be worked over a wide range of soil moisture conditions. Even a bad-
farmer cannot fail to benefit from these properties. There are no management.
problemg in this aspect of the soils.

However, friability and good tilth are accompanied by excessive loosensss and
fluffyness in many trumac soils, and these properties do present management
problems which should be countered by ohdllow flllape and regular rolling of
thb soil to aad compachion.-

Compaction itself is an aid to soll moisture conservatlon on trumao soils.:
Since the northern trumao soils (and to some extent also the central trumao
soils) are liable to scute summer dryness, the use of implements to compact the
topsoil and upper subsoil horimons has a double purpoyb in soil management.

Drainage problems arise winly in the case of fladl soils and th@ few irumiu

soils derived from volcanic alluvium that are subjected to excessive irrigation.

In the case of fiadi soils, drainage ditches should not be wade deep at the out~

set and an attempt should be made to keep the soil reasonably compact and moist

durlng the driest: weeks of summer to prevent subsoil fissuring and the subsequent

development of dra Lndaawlmped€wom layers close to the surface. Drainage in

fladi land should be a gradually deepening process in place of the present system
of trying to create a sudden and major change in the drainage regime at the

outset of development operations.

Lack of interest in soll conservation measures, no mathber how simple is a
management problem on a rather larger scale. Most farmers on trumac and fladl
soils consider that these matters are of minor significance alongside their
more obvious soil fertility troubles. The problem nevertheless exist, and its
bad effects will inevitably be cumulative.

The management problem that most concerns the majority of farmers 1s.'what.
fertilizers should be used'. Interest often extends to the purchase of a few
sacks of fertiligzer, but the cont@nto are usually disseminated over as wide an
area as possible, in many cases, with little real faith in the result.  There
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is frequently no visible result. With amounts of phosphatic fertilizer
equivalent to only about 50 units per hectare, broadcast on the soil surface,
very little of the added phosphate will be available for plant rutrition.
Fertilizer use must be taken seriously, must be carried out following a pre-
arranged plan, applied in the right way to the soil and crops in the right
condition, - else, money is simply being thrown away. With trumao and fiadi
soils, the financial outlay for fertilizers must inevitably be large, and a
gufficient quantity needs to be purchased in advance to ensure that there will
be adequate fertilizer on hand when the time comes to use it. A4ll fertiligzers
need to be stored with care and protected from moisture. At the time of appli~-
cation, the fertilizer should be spread in fairly precise amounts, with suitable
machinery to ensure proper distribution. Under these condibions the use of
fertilizers, more especially phosphatic fertilizers, will pay a handsome divident
on trumso and fadi soils. It 1s most emphatically not the type of agricultural
operation that can be safely left to a partly trained farm foreman. The two
chief items of agricultural waste in Chile are misuse of water resources and
fertilizer purchases.

The final aspect of management is one that presents a many sided problem and
relates to the lack of farm planning or lack of adhesion to carefully prepared
farm plans. This arises mainly from the grave uncertainty of farming in Chile.
The traditional latifundista suffers less from this uncertainty than the enthu-
siastic, well-meaning and hard-working small farmer. The former has his broad
plan of operations, based on a small annual outlay and small yields from a large
number of hectares on a blg estate: he works on the principle that even small
vields gathered over a big area represent a tidy farm income. The smaller
farmer fights harder to make his land produce, perhaps even adopts a long-range
farming programme, but he is not sufficiently buffered against the sharp winds
of economic change, and, time and time again, in an effort to remain solvent

he is forced to adopt some expedient that makes g mock of his long-range programme.
For various reasons, the winds of economic change can be very sharp indeed in
Chile, - a country where financial credit is not easy to come by and rates of
interest are exceedingly high, - so that the very farmers who should be the
backbone of the agricultural system are exceedingly vulnerable., In part, this
factor goes far towards accounting for the phenomenally high rate of turn over
of agricultural properties in Chile.

Soll productivity

There is no escape from the fact that the soil productivity, as measured
by average yields from trumao soils and some Hadi soils, is deplorably low.
In the region of the northern trumao soils, even in good years, the average
wheat yield may fall below 100 kg per hectare. On better managed farms, in
good seasons, the yield may rise to over 3000 kg per hectare; and even this is
probably far short of what these soils could produce if properly handled. The
range between the poorest and best ylelds in any district are amazingly wide
and reflect the great range in the quality of soil management, as much as
anything. - ‘
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Grassland production again probably falls far short of the true
potential of the soils. Over many square kilometres the carryving capacity is
as low as 1 sheep unit per hectare (0.2 cattle beasts per hectare), whereas
most of the trumao soils of the central and southern region could readily be
brought, into a condition where they could support 2 cattle beasts per hectare.
In some cases this figure might be doubled with precise farm plannine and
careful soil management. A ten-fold increase in total productivity might not
be possible on all farms, but the production figures from some of the better
farms in the Cautin and Osorno regions show that this increase is within the
realms of possibility. :

Since poor soil management lies at the bottom of most production failures
with these soils, it is as well to stress that attention to only one or two
aspects of soil management to the exclusion of the rest, only shifts the limiting
factors along. If one intends to invest in equipment more suited to the soil
conditions, there must also be enough capital left over to make the necessary
fertilizer purchases, to buy the chemicals to control any sudden outbreaks of"
insect pests, and each step in the chain of soil management has to be similarly
covered. In reality, these would appear not to be soils suited for farmers
with strictly limited resources. Yet in New Zealand considerable areas of the
volcanic ash soils have been brought in by just this type of farmers; - by
persons with very limited capital resources, but backed by liberal credit at
low rates of interest. The job can be ‘done by the small farmer but the financial
environment must be prepared befordhand.

dneineering uses and problems

Trumao and fladi soil materials have few engineering uses, but many
engineering problems. ‘
£

Both the trumao soils and the drained fladi soils have very low apparent
density, high field capacity moisture content, and high water-holding capacity
in their normal condition; yet under stress they can change their nature very
drastically as was demonstrated during the earthquake of May, 1960,

With regard to the volume weight of these soils, a layer of dry soil,
cne hectare in area and approximately 7.5 cm in depth, weighs only about
400,000 kg, which is rather less than half the weight of an equivalent volume
of most other Chilean soils. The soil material is, moreover, highly porous
in its natural condition, and when thoroughly wet these pores may hold a
considerable amount of water. There is thus the possibility of great difference
in volume weight between wet and dry soils.

In general, when thoroughly dry, trumao and Hadi soil materials behave
rather like very fine sand or silt. They usually resist the entry of water at
first, but when thoroughly moist they behave like the clay that they really
are. Under proper treatment they can be dispersed completely to give very
high figures for the clay fraction.
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the earthquake of 1960, it was apparent that materials rich in
allophane had been used for numerous engineering purposes where thev should
not have been ussed. The most serious e ples occurred where allophane clay
fill had been employed to level landscape irregularities in preparing house
foundations, and used to builld earth ramps at the approaches to bridges and
railway overpasses. dost of the bridges themselves and the greater part of
the cement highway system, were unaffected by the seismic waves, but larse
gector of the road system were intransitable immediately after the earthquake
owing to the collapse of the earth ramps leading to the bridges. "
of serious damage of this sort proved fo have been due to the employment of
trumao or fladi soill material scraped off the surface of the surrounding
landscape, (see also Wright, 1961, p. 144). These materials when are slightly
dry, appsar to be highly suited as filling material; bub they are exceedingly
treacherous when moist and cannot carry a heavy load in this condition. Under
the impact of seilsmic waves, the clays appear to exuded moisture in sufficlent
guantities to become almost ligquid; many buildings actually slid along on
surfaces lubricated by allophane.

cage

The effects of the earthquake on the allophane clays was not confined
to the towns and cities and to the main communication links, but was also
mainly responsible for many cabtastrophic landslides that occurred in parts of
the Andean cordillera (Wright and mella, 1960, 1963). Several small agri-
cultural settlements, and thelr inhabitants, were overwhelmed by the land-
slides that were triggered by internal changes in the allophane clays occurring
in some layers of the volcanic ash mantle that 1ie thickly on many of the
steep slopes of the Andean ranges.

decause the properties of allophane
charnge, the trumao i

~ liable to sudden and abrupt
:nd fadi soils have scarcely any enginesering uses; and for
the same reason thoy present a multiplicity of engineering problems.
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PART TITITI

ING POTENTTALITIES OF CHILEAN ALLOPEANIC VOLCANIC ASH SOTLS

Introduction

In the preceding p&r,w of this report, various aspects of the soil
properties have been related to environmental factors, fw present. land use
patterris, ‘and to problems of management and productivity. In part IIT the .
problem will be looked at from the other aspect, - to explore what the farmer
on these soils can do in the way of serious plamning to ensure that he gets
better return for his efforts. This virtually amounts to setting up a 'blue-
prints' for farming operations, designed within the present and foreseeable
economic framework of the Nation, adapbed for the farmer without unlimited
capital resources, and suited to fairly representative kinds of allophanic
volcanic ash soil.

Qbviously, one common plan cannot be devised to suit all the wide
range of landscape, of climatic conditions, and soil variatlons that occur
within the full range of these soils in Chile, but an example can be drawn up
for a particular set of conditions that have quite widespread application in
a particular region; and situations where the suggested procedures are not
applicable can be indicated. Only in this way can emphasis be drawn to the
point mentioned earlier: that soil management practices achieve their desired
effect only when they are integrated and followed according to a predetermined
management programme. : : o

Sugpested farm management programue Ffor medium~sized property on trumao

soils in Bio-Bio, Malleco or buble Provinces

Farm management planning can only be carried out with reference to
some specific property. The example given below was selected because many of
the conditions on the property are common to many other properties in the
northern region of the Trumao soils, and because a farm management plan had
previcusly been prepared for the owner, by Sr. Guillermc Numhauser, who has
very kindly collaborated in the preparation of this section of the report.
The farming 'blue-print' presented below would need modification before it
could be applied to other properties in the region, but many of the general
principles on which the plan is founded do have wide application throughout
the northern Trumao Qoil‘region, ' ‘

The location and original condition of the property will be described
fxro,, follov@d bv a brief description of -the various aspects requiring
attention; leading to a skeleton outline of the general. plan adopted for the
property; with, finally, a swmaary of the capital and credit needed under the
plan during the first few years. It should be noted, again, that attention
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to only one or several of the improvements needed under the plan will not bring
the desired results: all aspects of the programme must be accepted and deal -
with faithfully, else much of the money spent on the improvement of the property
may well be lost.

1) Location and nature of the farm in its original state

The property is situated some distance inland from the town of Santa
Bérbara, the last point on a railway leading to Los Aneeles and the main road
and rail arteries running north and south, It is located in the foothills of
the Andean ranges, containing both undulating, rolling and hilly land, and
covering an area of 4500 hectares; which is a common size of property in the
region.

Practically all the soils on the property belong to the Santa Barbara series .
(Santa Birbara facies), varying considerably in depth according to the land
slope. The shallowest soils are on the hilly sectors, where there are also

some outcrops of andesitic rock. The soils have no serious inherent limi-
tations that would prevent their being utilised for agriculture. In part the
relief is undulating to rolling (27 to 8% slopes), and much of this land has
had a long history of wheat cropping. Locally, gulley erosion has made its
appearance as a result of complete neglect of slementary soil erosion practices.

In addition to wheat growing, some sheep and cattle have been maintained on the
property, but were regarded as a minor side of farming, - of much less importance
than wheat cropping. : ’

Of the 4500 hectares, 400 hectares consist of land of gentle relief, more or

less completely cleared of the original forest and in regular wheat cultivation
on a two year cropping cycle followed by several years fallow; 500 hectares
consist of similar land incompletely cleared of forest debris and used mainly
for rough grazing; and 3600 hectares are hilly land with remnants of the original
forest, patches of regenerating forest and scrub, and occasional patches. of

volunteer pasture and weed plants.

Former management practices included the aforementioned wheat cropping to excess;
hand broadcasting of wheat sesd; no employment of fertilizers whatsoever; deep,
irregular ploughing using a single furrow implement and employing bullocks;
generally late and hurried breaking of the fallow; very bad seedbed preparation;
and no special attempt to counter the invasion of weeds or insect pests. The
rough grazing land, and the volunteer pastures that appeared between whea

crops, provided poor graszing for some 400 head of livestock, which included
sheep, goats, and cattle. The latter were purchased at 1.1/2 to 2 years of

age, maintained on the farm for about 10 months, and then sold: usually about

80 cattle beasts would be 'fattened! in each year. UNo vaccination or anti-
parasitic routines were followed, yet, despite this, livestock mortality was
low, calving rates good, and by the standards of the region the animals were

of above average quality and marketed well. In the case of the sheep, lambs
weaned at 4 to 5 months weighed on the average 35-40 kilogrammes. The cattle,
without supplementary feed, showed a reasonsble weight increase during the
period of their stay on the farm.
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The property is ﬂmplv supplied with a resident labour force and abundant un-

skilled manpower is available in the surrounding districts. Markets are readily
accessible, and the 1 axbv centres of Los Angeles, Chliian and Concepeidn ensure
that this is a high demand for farm produce.

Ho part of the farm has irrigation but it would not be Aifficult Lo arrange
irrigation for much of the land of low relief. The capital outlay needed for
this would undoubtedly be high, and thus would not be advisable until the
property was brought into a higher level of production. Hainfall in the ares
amounts to a mean anmual total of 1643 mm, of which only 7% falls in summer,
18% in the spring, 29% in the autumn and A67 in winter,

Since the history of wheat yields over the past ten years has been both low

and tending to show an overall decrease annually*(&xxept in exeeptionally wet
ye@rw), and since the former history of livestock on the property has been
encouraging, it was decided to plan the development of the property on the

basis of dryland livestock farming, with strong emphasis on sheep breeding,
Wheat cro opping would be relegated to a minor role and used for the dual purposes
of breaking up old pastures and re~seeding new ones. Before such a change
could be undertaken, many of the existing features of the property would need
modification. a

Modification of existing feature

Baséd on a plan prepared showing the existing resources and layout of
the farm, the follow1np aspects were scheduled Tor attention:

i) Subdivision of fields

Size and shape of the fields are of vital importance in livestock
farming on improved pastures. The existing fences were in only fair condition
and most had been laid out following the pilecemeal clearance of the forest
without regard to soils or topography. 4 few of the existing fields could
serve in the new scheme, but the great majority needed re-designing, taking
into account as need for a new system of water reticulation to supply livestock.

ii) Pasture improvement

This would be based on the sowing of grass and legume seed simultaneously
with wheat. A start was planned using the fields that did not need re-designing;
making use of this opportunity to experiment with various combinations of seeds
and Tertilizers.

iii) nternal access routes

Existing farm roads were deeply incised in the landscape owing to wind
erosion of the bare earth, and owing to the action of surface water in places
where the roads were acting as drains during winter. Internal access routes
should be planned with some regard for topography, and, in the case of powdery
Trumao soils, should either ve surfaced with gravel or maintained under a
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permanent grass cover from the outset. The obliteration of part of the former
farm road system (a major undertaking that would regquire the employment of =z
bull-dozer) and the relocation of an sdequate rmumber of access routes receiveld
high priority in the planning programme. It was planned that these access
routes would be permanently grassed, either with the natural 'chépica' of the
region or some better, introduced, grass; and that the original establishment of
this cover would reguire bobth nitrogen and phosphate to get a rapid coverage
in a single season. To preserve this road pasture, a change from iron-tyred
wheels to rubber wheels on farm carts used in carrying produce was planned.

iv) Shelter-belts

Existing shelter and shade were spaced quite haphazardly, being mainly
trees and clumps of shrubs accidentally left during the original land clearing
operations. Selection of shade trees and planting of specific shade trees is
important considering the hot, dry summer of the region. Lven more important
is the planting of shelter belts sultably aligned to deflect the strong south-
western winds of the region. For reasons of fencing management, it is advisable
to locate the shelter belt trees well within the field and not along the fence
boundary.

) Land cleaning and additional forest clearance

Much of the old permanent grazing land was foul with blackberry and
native shrub invaders. Part of this land was scheduled for immediate cleaning;
and the rest planned for clearing at a regular rate each year. No large trees
were involved, and it was estimated that this job could be done with the regular
farm equipment. ~

vi ) . Reafforestation

The large hilly section of the property was regarded as having only a
very limited agricultural use owing to the higher cost of establishing permanent
pastures, and the even greater difficulty in managing these pastures properly.
Since it was apparent that the hilly land would not be required in the scheme
during the initial years, a large part of the hilly land was set apart for
planting in quick-growing Pinus insignis, and suitably wide fire-breaks assigned
_to protect these future forests.

vii) Drainage

Since the overall drainage properties of the Trumao soil is good to
excellent, drains were regarded as being required only as a means of erosion
control in places where excess surface water gathered at the foot of some of
the steeper slopes. In such situations, a certain amount of construction of
special erosion conbrol measures (banks, terraces, lined canals, etc.) would be
necessary, but the greater part of the farmland was not in need of field drains.
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viii)  Erosion control

.. In addition to the measures noted above, it was clearly necessary to
train the farm labour in the observation of such elementary erosion control
measures as ploughing along the contour, use of light and heavy rollers to
give the soil consolidation, etc. Although not spectacular in effect, such
simple practices are most important in these light and fluffy Trumao soils.
It was anticipated that the local preference for burning wheat stubble would
cease with the new practice of sowing pasture seed with the wheat crop.

ix) Selection of farm machinery

On the basis of experience dccumilated over the years in the management
of these soils, lipght machinery only was recommended, apart from one heavy
roller, and a medium-weight wheel tractor (45-55 IP) equipped with a hydraulic
system and wide wheels, For cultivation, an offset light harrow with an exact
depth-of-penetration control. With such an implement, there would be less’
danger of accidental deep cultivation in the hands of an unskilled operator.
Flexible teeth on this implement would be an additional advantage. For weed.
control and similar operations, only superficial working of the soil was
anticipated. For renovating pastures, a chisel-point harrow with seedbox
attachment was contemplated; and for normel sowing down of wheat and pasture
seed, a normal seeder with fertilizer attachment was recommended. To compl@te
the major machinery requirements a light and heavy roller were recommended (a
'erow-foot packer!, if available). The remainder would be standard minor farm
equipment . '

%) Farm buildings

It was estimated that the existing farm buildings could serve during
the early years of development, apart from the provision of a concrete floor
in one bullding for storing fertilizer.

xi) Use and management of water

There are sufficient streams and Springg‘on the property to provide
water for rebticulation by pipes to the various fields. It was recommended that
permanent concrete drinking troughs be installed as the fields were subdivided,
and each provided with a simple automatic wabter control system. A4s mentioned =
earlier, water for irrigation would reaquire considerable extra planning,
including farm catchment dams, canals, etc.,, and this was not contemplated
until the property was showing a consistent annual profit.

xii) Management of pastures

For effective control of stock grazing on the new pastures, it was
anticipated that electric fencing would be essential. Permanent post and wire
fencing, using locally made concrete fenceposts, would outline the main fields,
and serve as_supports for temporary electric fences needed to further subdivide
the grazing. - :
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xiii)  Labour
In place of an over-abundance of unskilled labour, it was recommended
that an on-the-farm training scheme be instituted, using the brightest of the

younger labourers avallable,

xiv)  Control of weeds and pests

At the outset, it was anticipated that some use of herbicides and
pesticides would be necessary. Much of the weed growth can be suppressed by
timely cultivation before sowing, and by regularly topping uneven pastures with
a mower, but weeds appearing in growing wheat and certain small but vigorous
pastures weeds require the use of herbicides. In the case of pests, Trumzo
soils are especially prone to develop colonies of grass-grubs and other ground
dwelling insects. Some of these can be attacked in the pasture, but a more
effective method is to apply DDT in the soll at the time of sowing down the
pastures. .

General plan of development

In the first yvear the area sown to wheat would increase from LO
hectares to 100 hectares on the cleared land, and a further 60 hectares of
wheat would be sown on land cleaned up out of the 500 hectares of rough
permanent pasture that still has surface logs etc. This would give 160 has:
of new pastureland at the end of the first season. In addition 4O hectares
of grass and clover for seed production would be sown in the first year.
During the first year the number of rams would be increased from 8 to 30, and
sheep from 270 to 1450, By the end of the first season, additional feed to
the extent of about 5000 sheep units per month would be needed, but this is
unavoidable if the herd is to be built up to a level adequate to make maximum
use of the grazing coming available in the second year (see table 1).

A great deal depends upon the correct selection of the pasture seed mixture.
Initially, only certified seed should be employed. The basis of the sward
should be annual and perennial clovers, with at least two species of pasture
grasses (one of them a deep~rooting type). Moreover, the seed needs modifying
in certain of the farm soils to suit specific ecological conditions, and should
be further modified in the case of areas sown down for hay, silage, or permanent
grassland. Normally, the main area of pasture is intended to be managed on a
long-rotation system, with renovation about once in every six years.

The pasture 'cover-crop', wheat, is sown normally at. 110 kg/ha. In the case

of areas covered with the main soil type of the farm, the wheat will be sown
down with 3 kg/ha 'Tallarook' subterranean clover seed; BVKg/ha "M, Barker!
subterranean clover; 1/2 kg New Zealand white clover; 1 kg/ha Wimmera rye grass
and 6 kg/ha Orchard grass (Cocksfoot). For shallower soils on more strongly
rolling topography, this mixture should be modified as follows: Tallarook, Mt.
Barker, and New Zealand white clovers as before, but the main grass specles
should be Alta Fescue at about 6 kg/ha. For the small area of improved pasture
on the hilly land, clover seed as before but 2 kg/ha. Wimmera rye grass (
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with 4 keg/ha English' rye grass seed. On the small fields of the flattish
"bottomland' where moisture conditions are better, 8 kg/ha of red clover,

1 kg/ha of New Zealand white clover and 6 kg/ha of short-rotation rve grass

are recommended. In every vear after the first, a small area (up to 10 ha.)
should be sown down especially to provide hay, silage and emergency winter

feed, For these the seed mixtures suitable to locsl conditions are: (1) Crimson
clover, 'Dixie strain', at 15 kg/ha with Wimmera rye grass at 4 kg/haj (2) Vetch
at 60 kg/ha with oats at 60 kg/ha; and (3) Alfalfa at 10 kg/ha with orchard grass
at L kg/ha. The use of New Zealand white clover and of alfalfa on the farm
are somewhat experimental since these varieties are not widely known in the
region.

A1l seed should be drilled into a well-prepared seedbed, together with an
adequate amount of fertilizer. The latter should be drilled in bands alongside
the seed. At least LOO kg/ha of superphosphate should be applied at the time

of sowing, and nitrogen should be applied to the growing crop at rates not less
than 150 kg/ha (@ither as a single, or as several applications) in the form of
potassic salitre (the best of the limited range of inorganic nitrogen fertilizers
available in Chile). The phosphate can either be a coarse form of superphosphate,
‘or, better, as a mixture of a very soluble form of phosphate and a more slowly
soluble form. WMinor elements are generally not needed on these soils, and some,
like sulphur, gives erratic responses that appear to be related to seasonal
climatic condition and the microbiological activity in the soil. If minor
element deficiencies appear, it is often more economical to feed these to the
livestock in the form of a stock lick, and reap the subsequent benefit when

they are returned to the =o0il in an organic form. After harvesting of the

wheat, the stubble will assist the growth of the young pasture and will help

to minimise wind erosion. The initial grazing should be carefully controlled,
kept very light, and care should be taken to see that the animals do not
selectively eliminate all the clovers.

In the second vear the area under wheat can be reduced to its future constant
‘level of 125 ha, half being sown on the clear land and half on land which has to
be cleared to logs and stumps etc. During the first year, the grazing deficiency
“had to be made up by buying in extra feed and by using some 440 ha of rough hill-
side grazing, but, starting with the second year, the need of hillside grazing
Cwill steadily diminish, until by the fifth year, not more than 140 ha of this
rough pasturage need be regularly employed. The first of the stands for seed
production can be established in the first year. Since grass and clover seed

are imr very short supply in Chile, it is worthwhile making pasture seed pro-
duction a regular feature of the farm operations. Some 60 ha are planned to

be set aside for this purpose in the second year. Also set aside, is about

10 ha of land of easy relief to be used for growing extra winter feed. In ad-
dition to the fields closed early in the season to provide hay and silage,
specific fodder crops like rape, choumollier, sudan grass, kohlrabi and alfalfa
can be sown to see which are likely to become the main type of crop best suited
for this purpose on the farm. Starting from the 1000 breeding ewes and 30 rams
purchased in the first year, the flock will have increased by some 450 ewe lambs
and the same number of hoggets by the end of the first year. The latter will

be sold in the autumn of the second year, bubt lambing will have increased the
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total flock by a further 872 head by the end of the second year. In addition,
during the year, some 100 head of steers can be bought in, fattened and sold.
These cattle are exceedingly useful for maintaining a closer control of pastures,
since they eat tall growing plants that are often avoided by the closer-grazing
sheep: an adequate number of cattle should be a part of every sheep farmers
pasture management equipment in this region of Chile. At this stage in the
development programme, the farm should consist of 160 ha of improved, high-
producing pastures; 125 ha of wheat with new pasture coming in for the next
season; 40 ha of pasture exclusively grown for seed production; 10 ha of winter
feed crops and pastures for hay or silage; 195 ha of unimproved pastures on land
of easy relief, and 320 ha of hillside rough grazing.

In subsequent vears, the same general pattern of development should be followed

(refer, table 1), until by the end of the fifth year a permanent farm pattern
should have emerged, in which there will be an annual area of 125 ha ploughed
up and sown down to wheat and new pasture; some 635 ha of improved pastures in
various stages of growth; 100 ha of seed production pasture; some LO ha reserved
for winter feed production; 140 acres of permanent pasture of the more strongly
rolling land, and 100 ha of permanent hill pasture in reserve. By the end of
the fifth year, the farm should be carrying a permanent flock of ower 4000 sheep,
with an annual sale of over 100 hoggets, and an annual wool production amounting
nearly to 10,000 kg: in addition, some 500 head of steers can be fattened and
sold each year. If the pasture management plan is faithfully followed, there
should be a comfortable excess of graszing available each season, allowing the
buying in of more stock if desired. ‘

Heglthy livestock are vital to the success of this plan., It would be advisgble
to initiate a systematic routine check on livestock health from the outset in
the first year, and to begin training the farm labour in the techniques and
respongibilities associated with this important aspect of farm management.

In the scheme outlined briefly above, it was assumed that the management of the
sheep flock would be that normally practised in the region: that is, mating the
ewes at 19 months of age. 1If, on the other hand, the ewes can be brought rapidly
to a mean weight of 35-40 kg, they can be mated earlier. If the lambs are weaned
at 3 to 4 months of age and brought rapidly to the desired weight, breeding can
take place in March for the main group and in May for the ewes of the year. This
would mean two lambing periods (August and October) and the weaning of two crops
of lambs in every year, giving an annual increase of an additional 49% in the
growth of the breeding flock. Hoggets for sale would be available for sale in

both January and March, times which bring good prices for such livestock.

Financine the development plan

A certain amount of medium and long-term credit is available in Chile
for approved farm development plans in cases where the farmer can show that he
has adequate funds to participate fully in the development. In the case out-
lined above, for a farmer of modest means a sum of at least USG 25,000 must be
available at the outset of the project. This might come from four possible
sources: (1) long-term credit and loans from CORFO; (2) one-year loans for the



purchase of livestock made available by the livestock marketing agencies at the
high interest rate of 2% per month; (3) annual loans on the growing of wheat,
made available by the Banco del Estado, which must be repaid on the harvesting
of the crop, and (4) the private resources of the farmer. Table 2 shows the
total amount essential under each main sub-head, the amount to be borrowed, and
the rate at which the borrowed money can be paid off out of farm income. The
return from farm operations during the first year is estimated to be US§ 10,000,
out of which some US# 4,000 would need to be allocated to the repayment of loans
coming due at the end of the first year (table 3). In the second year, the
return from farm income is likely to rise to about US$ 16,000, but approximately
USy 13,000 would have to be repaid in this year, leaving a smaller profit to
the farmer. In the third year, a very much smaller sum would still be out-
standing from the loaned money, and farming profits would be very much higher,
s0 that a comfortable balance would be available to the owner for effecting
further improvements in his farm and for the construction of some new farm
buildings. The situation is even better in the fourth year, and by the fifth
yvear the farm would be debt-free, and showing a very handsome profit on the
vear's working.

However, this rosy prospect depends on the farmer adhering very closely to all
the major aspects of the development programme. Neglect of any of the major
aspects will start a chain reaction, influencing the operation of other vital
parts of the scheme, so that the farmer may find himself, at the end of the
fifth year, in the unfortunate position of having to borrow more and more monesy
to keep the farm going.

Technical assistance

During the early years of the development programme, most farmers will
need supporting technical advice. In the Ministry of Agriculture there are two
valuable Departments (Technical 4ssistance and Soil Conservation) which have
regional personnel avallable for just this purpose, and, in the same Ministry,
there are a number of trained veterinary and livestock health experts. In the
long run, however, the farmer must learn to depend more and more on his own
resources, ~ Lo recognise and remember his mistakes, and to train an adequate
number of his farm labour force in the essential routine of farm management.

In a large measure the success of a venture such as that outlined above will
depend on proper timing: financial arrangements must be ready ahead of the date
of starting operations; equipment, seed, fertilizers must be acquired in advance
and stored properly; the proper time of season for starting each operation must
be considered in advance and the seasonal time-table adhered to as far as local
fluctuations in weather conditions will alow; requests for technical assistance
must be forseen as far as possible in the case of farms remote from rural centres
and emergency situations kept to a minimum; ~ all this makes it essential that
the farmer live continuously on his land to maintaining a continuous watch on
the progress of his livelihood. To a great degree, the current high rate of
interest on money loaned for farm development is the result of losses due to
money being loaned for agricultural schemes in which the farmer-borrower is not
consistently 'on:the job' but tries to manage his farm from a town headquarters,
thereby failing in the first essential of good farming.
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NATURE, ORIGIN aiD CLASSIFICATION OF CHILEAN
ALLOF HAVIL(

Introduction

In this part of the report, it is proposed to take examples of th
main kinds of allophanic voleanic ash soil, - mainly trumaos and fladis,
and discuss at somewhat greater length their morphology (i.e. their
appearance in profile), their chemical characteristics, their g@nesis,'their
nomenclature and their possible classification., The trumao group will be '
considered first, and the tadi group will be considered later on. Within
this grouping, representative sclls from each of the six envirormental
(weathering) zones listed in Part I, section (c) will be described; as far
as possible examples will be given of soills with different modes of
formation (i.e, sub-aerial ash, volcanic loess, volecanic alluvium, ete.)
and from strongly contrasting parent materials (e.g., pumiceous and fine
andesitic ash). In the text, references to soil morphology will be kept
as concise as possible, smphasising only the most significant characters of
the profile which are necessary for recognition in the field., Jddditional
data, of a more detailed type, will be found under the @pproprlat@ proflle
number in the Appendix. ~

Trumao soils of environmental zone 1

‘Allophanic volcanic ash soils are comp Jrat¢vu1y rare in this zone.
They occur mainly as small patches on broad r¢dww> of the andean cordillera,
on narrow, high terraces bordering some cordillera streams; a somewhat more
extensive area occurs on the north bank of the Maule river where 1t first
enters the plains of the central vale, and small areas occur along the coast
near the boundary between Maule and luble Provinces. The last two kinds of
soil are clearly derived from volcanic¢ loess, but it is also very likely
that most of the cordillera trumac soils in this zone are also, in part, of

“loessic origin.

1. unvzron“ujt&L characteristics of the zone

Mean annual precipitation ranges IIULLSOO mm to 1200 mm, of which
more than 50% falls during the winter months. There are five 'dry! months
1 is less than 60 mm) in every year, and probally as many
as seven months in each year when eva,.oration exceeds precipitation, HMean
annual temperature lie between 13°C and 15.5°0, with mean summer
temperatures in the range 24°C to 30°C; and mean winter temperatures in
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the range 990 to 10.5°C,  Almost no snow falls in winter bult often very
hard frosts. ,

Topographically, the soils are mainly developed on rather strongly rolling
relief, with only relatively small areas of undulating or hilly relief
carrying closely comparable soils. Most moderately steep and steep slopes
do not have allophanic soils in this zone.

The natural plant cover was invariably forest, with a predominance of small-~
leaved wvergrben,>SQmiwx@rophytic trees (such as boldo, litre, maitén,
cquillay, etc.); a second story (under-canopy) of more definitely xerophytic
shrubs; and, in a few pldowﬁ; deciduous Nothofagus obligua, var '‘maulino’,

the ”rablw maulino” of common parlance,

The parent material of the soils ié evarywher@ very fine to.fine andesitic
sand, with a high proportion of Quw?tu. Only in the case of related soils
developed around la Laguna del Maule, at 2100 m altitude, is the coarse
sand fraction considerable.

The assoclated non-trumac solls of this zone are mainly Non-Calcic Brown
Soils and Grumosols. '

e General soil worphology

H

gmn@raLiy 15 to 30 cm in depth, occcasionally 50 cmy

—- textural range, loamy sand to fine sandy loam;

- Oolour, Ver dark gray brown (LOYR 3/2) to dark brown
(7.5YR 3/2) when moist; :

- friable to very frlabl@~ with a weakly developed;

- fine : upangular hlocky ufruo ure br@&%jnm to very fine
granules arnd crumbs;

- non-sticky and non-plastic when moist; boundary distinct;

Topsoils:

Subsoils: - about 60 cm to over 100 em in depth, showing little sign

of depositional stratification;

- u@xtur@i range narrow, loams to very light clayloams;

- colour brown (7.5YR 4/4) or reddish brown (5YR 4/3),
grading to reddish brown (5YR 4/ or 3/L), rarely red
(2.5YR L/8); '

- friable; weakly developed medium or coarse blocky
structure breaking to irregular granules; generally

- non-sticky and non-plastic when moist; boundary diffuse.

3 General chemical characteristics (see tables la and 1b)

Topsoils: natural topsclls have -
~ near neutral reaction (pH 6.1 to 7.0)
- organic matter content, high (13% and upwards)
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- cation exchange capacity, very high (48 to 67 m.e.%)
- exchangeable calcium, very high (16 to 28 m.e.%)
- base saturation, medium to high (L1 to 580 )

other topsoils under vegetation other than natural have -
- slightly acid (pid 5.6 to 6.1) reaction
nic matter content, medium (8.5 to 11.0%)
~ cation exchange capacity, very high (51 to 69 m.e.b)
angeable calcium, low to medium (3 to 7 m. e.m)

— exch
- base saturation, very low to low (7 to 18%)

Subszoils: natural subsoils have =
- near neutral reaction (pH 6.5 to 7.1)
- organic matter content, very low to low (0.5 to L.2%)
- cation exchange capacity, high to very high (32 to 61 m.e.%)
-~ exchangeable calecium, medium (L to 7w>
Yo e g ‘
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other subseils have -
— near neutral to slightly acid reaction (pH 5.7 to 6.7)
- organic matter content, medium to low (3.6 to &.4%)
- cation exchange capacity, high to very high (39 to 67 m.e.%)
- exchangeable calcium, very low to low (1.4 to 5.4 m.e.’) .
-~ base saturation, very lovw to low (5 to 21%)

Observations — chemical analyses are available for eight soil profiles,

of which one (that from near la Laguna del Maule) is only
a distant relative of the soils in this group and is markedly more
pumiceous., No analyses are yet available for the related soils found in
aisén Province at the margin of the Patagorian pampa (lirreguao soils).
Three of the analyses available are from soils under matural forest, and
five are under volunteer pastures that grew after the forest had been
cleared,

Under natural conditions. the soils are moder: tblf fertile, although most of
this fmrtijiiw apparently resides in the organic fraction. Possibly much
of the fertility in the subsoll also is due to the relitlvc deep organic
mathber penebration.

When the natural forest is removed, there is some diminution of the organic
matter content (but little corresponding change in topsoil colour), and a
very marked reduction in exchangeable cations, especlally calcium which

was one of the elements accumulating strongly under the original vegetation,

igh cation exchange capacity of these soils is of course typieal of
all allophanic soils, and this is responsible for the very l@W‘fjrur es for
percentage base saturation, (table La).

The hi

Total fusion analyses are available for some of these soils. These show
(table 4b) that the total mineral reserve is not very high: total calcium



nesium from O.1 to_1.3%; total

(as from 0.2 to O.6p; total mag
potassium from 0.5 to 1.1%, and total sodium shows unexpectedly high values,

1.2 to 1.8. The silics/alusine ratios lie between 0.6 and 0.8; while
the silic &/ubQCA:wMA@V ratios between 0,5 and 0,7. Total phosphate
lies between 0.5 and about 2.0%.

Although tb@ag soils are but sli e weathering environment
is weak awu i%;un&bl@ to replac lement s lost as a résult of
normal leaching, once the natural f@?@um cover has been destroved.

The related soill from the vicinity of la Laguna del Maule has a mu Qh lower
cation exchange &nvoo%uv (wuic“ is only 18 mye.% in the subsoil, ¢ nd even
lower, 9 mee.%, 1 the topsoill owing to some deposition of @@un% pumir@aug

ash); has a re th*”ml; high calcium content (m.)p total, and 11 m.e.b -
exchangeable, in the subsoil); and has a h; ¢ saturation of between 66k dnd
78%. This soil should thus be reg rarded an intergrade to the Recent
Volcanic solls.

I Characteristics of typical soils

In this zone we few have examples of soils derived from volcanic
alluvium,but many from volcanic leoess, and from soils that are derived in
part from sub-aerial material, and in part from loess. The only soils
derived mainly from sub-aerial Ls are those of Alsén Province, and

terial
the altiplano region of la Laguna del Maule, Tive of these soils are
described below:— ‘ ‘

i) Hormillos fine sandy loam (appendix, profile No.ll)

This soil is derived in part from volcanic loess and in part from sub-
aerial ash, and is developed on the broad rolling ridges and saddles of the
Andean cordillers at :L&Juudem of from about 500'm to 900 m, under llght
forest dominated by Nothofagus oblicua (var. 'Wduliﬂ0’>, with radal, canelo,
and other evergreen

The profile, ¢ 1@Nuﬁ

25 om dark brown fine
pH, 5.9: lab., pH
20 com  dark reddish brown
structure (field

friable dnd granular (field

sandy loam, somewhat firm and coarse nubtty
5.6; lab., ?“?};

100 em brown very light clay loam, firm and with a cohrse angular
~ blocky structure (field yi’ 5.9 lab., 6.0),
On.. . strong brown silty clay 1 oxm, ilrm and with an irregular

.

subangular blocky structure (field pi, 6.0: lab., pd 6.3);
contains fragments of weathering andesitic rock, giving &11y%t
red mottle,

ar



This soil bui¥ds upalarge amount of organic matber in the topscil under
forest, particularly rich in exchangeabls calcium, magnesium and potash,
“hen the forest 1s cleared, after a very few ysars, there is a sharp drop

in these nutrient elements, and the organic m@tter slowly moves down through
the subsoil and diminishes in cuantity. Although the soils are fairly rich
in reserve of phosphate, in some cases, yet the rate of release 1s likely

to be slow and the released phosphate is certain to be attracted to the
large number of anion-exchange surfaces and thus will not be readily
available to plants.

For establishment of high producing pastures on these soils, repgular
drSSSJnﬂm of phosphatic fertilizers are sssentlial, and 1t 1s entirely
possible that, once the phosphate regquirement of the soill bhas been built
up that pastures and crops will then show a response to liming,

ii) Maiten very fine sandy to silt loam (appendix, profile No.l2)

This soil is derived mainly from volcanic loess, and some of the under-—
lying beds may perhaps be formed from ancient volcanic alluvium, It is
developed mainly on gently undulating to rolling landscapes along the front
of the cordillera foothills, near the noint where the Maule river enters
the plains of the central vale, and is most extensively developed on the
north bank of the river, It occurs at altitudes ranging from LOO m fo about
550 m, and originally supported an evergreen forest {litre, boldo, maitén,
arrayan, etc,) with occasional d@CLdUOUS "roble maulino',

The profile shows:

30 em  very dark brown very fine sandy to silt loam, friable, and with
a very weak fine blocky structure that breaks readily to crumbs and
granules, (field pH, 5.7; lab,, pH, 5.8);

LO om  dark brown silt loam, very slightly firm and with a distinct coarse
blocky structure, breaking under slight pressure to coarse granules.
(field pH, 5.9; lab., pH 6.~),

80 cm between dark yellowlsh and dark reddish brown heavy very fine sandy
loam with occasional small stones, somswhat firm and with no visible
structure in place but breaks to coarse and fine blocks and granules,
(field pH, 6.0; lab., 6.2),

Ons s dark vellowish brown fine sandy clay loam with occasional stones
indicating stream bedding, usually rather compact,

This soil is a very valuable farming asset, since it nas a slightly lower
cation exchange capacity, and a much higher subsoll base status than the
majority of trumac soils in the zone. "It has a relatively high phosphate
reserve, and the !phosphate fixing power'! of these soils is probably rather
less th@n for the majority of trumaos., It is moreover, moderately well
supplied with exchangeable calcium, magnesium and pobtash, even for some
vears after the original forest has been removed,



Intensive pastoral use or cropping will reoulre the application of phosphatic
fertilize r‘ and nitrogen, but this problem may prove to be less acute in

this soil than ths preceding Hornillos soils,

iii) Tregualemu very fine sandy loam (appendix, profile No.13)

This soil is probably derived mainly from volcanic loess since 1t shows
very little stratification or variation in texture. It occurs in isolated
pztc 1es just below the crest of the coastal ranges, on the seaward side, and
is thus at a considerable dl”fhﬂcﬁ from the Andean cordillera. In part it
is composed of m«twrwwjm of leocal origin (the dust eroded from adjacent
tuffaceous shales), but in some localities it is perhaps in part composed of
fine volcanic dust carried up from the coastal lowlands, Its distribution
coincides with the parts of the coastline where thers has been coastal
uplift of the shore through S@i@d&@ cion. It is generally developed on
landscapes oj rolling reli '@ at elevations of between 150 to 350 m, mnd@r
a natural forest of evergre: which boldo, litre and arraydn are
prominent.

The profile shows:

15 cm  very dark gray brown very fine sandy loam, friable and breaking to
very {ine bubgnﬂulxv blocks and granules. (pH in field, 6.3; in lab.,
7.0);3

65 cm brown to dark reddish brown loam to silty clayloam, usually very
friable (somewhat powdery when dry), with a very weak medium blocky
structure. (field pH, 6.4; lab., 7.1);

20 em dark reddish brown to brown silty clayloam, somewhat firm, and
without clear OuTUbbhrb in place bub bruLklmg to weak coarse
irregular blocks when distnrbed. (field pH, 6.0; lab., 6,5),

On. . compact mottled cla v@y udn with an ancient 1lﬂu of stones. forming
an erosion pavement along the line of contact with the horizon above.

Although of small total extent, Tregualemu sorls have a good farming
potential., Like th ten soil, ther have a lower cation exchange capacity
than most trumao sol and hence one may expect that fertilizer
&pplications will 7o b tter results than on the normal trumao solls -

especially phosphatic f>wb1hl,ur3, Also the base status of the subsoll
ﬂohd up well under farming. The soils are moderately well supplied with
@xchwﬂgdwmlv calcium, but less well supplied with exchangeable magnesium
and p@t s than DMLLBH solls,

Intensive farming on these soils will nevertheless require regular
application of phosphates, and also nitrogen.
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iv) lirreguao fine sand (4ppendix, profile No. 14)

This is a recently discovered soil of the Patagonian pampa margln in
Asen Province, and relatively little information is available concerning
its chemical propertics abt the time of writing., These are 'trumao-like!
rather than trumao soils, but with increasing age they are likely to become
closer to the real allophanic solls, and mainly for this reason they are
permitted within the scope of the present encuiry.

These soils are derived mainly from subaerial volcanic ash, of general
andesitic composition, and are developed at elevations of about 700 m, in
the cool to cold sub-humid enviromment of the Patagonian pampa margin.
They are developed under Dwarf Hothofagus (Rirre) forest, on landforms of
gently undulating, rolling and nearly flat relief,

The profile shows:

12 cm dark reddish brown to dark brown very friable and powdery loamy sand;

10 cm  dark brown to dark yellowish brown very friable weakly structured
sand;

28 cm  yellowish brown very friable coarse sand,

On. . pale yellowish brown very coarse sand with fine pumice gravel.

Farming on these soils is restricted mainly to grazing on volunteer grasses
(mainly Festucae tussocks that appear when the forest is cleared).

It is expected that these soils will have a cation exchange capacity of
between 25 and 30 m.e.%; medium base saturation (35%) and a moderate calcium
status., The soils would be likely to respond well to nitrogen and to
phosphate but heavy applications of the latter fertilizer would probably

not be economic unless the whole farm menagement planning was on an intense
scale with selection of suitable high-producing grasses and clovers suited
to the environment and careful stock management on properly subdivided

faym properties,

v) ‘Laguna del Maule loamy sand (Appendix, profile No.l5)

This soil is another that is 'trumso-like! in some aspects and not 4
thoroughbred trumao soil. Tt is derived mainly from pumiceous volcanic ash
of subaerial origin, but there has also been a considerable degree of
secondary movement by wind: hence it 1s best regarded as part subaerial and
part loessic in origin. These soils are found only high in the Andean
cordillera, at altitudes between 1800 and 2200 m, on gently to strongly
undulating plateau landforms, under a natural vegetation of tussock
grassland.

The profile shows:

4O em  very dark gray brown loamy sand, very friable and virtually

structureless. (field pH, 5.8; lab., 5.1);




H
S
AT

i

L5 cm  reddish brown to reddish yellow heavy sandy loam, which is slightly
firm, sl v osticky when moist, and has a weakly developed
irregular blocky structure that breaks to granules and crumbs under

e o 33
pressure. (field pH, 6.2; lab., 6.2),
On. . weathering andesitic rock.

base saturation and a very good
um, especially in the topsoil. The cation
gxcnange capacilty is Low, and probably this soil would not 'fix!
added phosphate in vvgw 0T The amount of exchangeable potash
is rather low, and the anm lount of organic matter is definitely low.

This soil Cey
supply of calcium and »

o

Farming operations are restricted to occasional gr during the summer
months, and the long cold winter proba bly WOU&@ limit the use of this soil
for any of the more intensive methods of farming.

e
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ALL the soils includsd in environme L zone 1 are subjected to
rather weak weathering proc . & elatively slight-to-moderate
leaching processes, Under natural conditions, the vegetation plays an
important part in minimising the loss of fertility duu to leaching:
nutrients are captured by the roots and passed in circulation through the
body of the v elatiomﬁ to be r@turaed to the soll surface, where they
coumulate along with the or regidues of the vegetation. As 1s well
pX@ﬂlelWLd by the analyses of Tregualemu and Hornillos soils under forest,
leaching still operates but its impoverishing effect is mainly seen in the
low base status figures of the subsoils. When the natural vegetation is
removed, the effect of leaching can b 1 in both topsoil and subsoil.
Under these modified conditionsj some of the organic matter ls lost by direct
oxidation, but a relatively large gquantity moves down into the sub~011
where it 1s augmented by organd \m“duww derived from the grass roetao
Despite these orga it e topsoils still remain consplcuously
darker than the subsoils, even aft Hﬂﬁy years of farming: this 1s a
definite characteristic of all allophanic soils, and probably is due to ths
formation of unusual and, so far, little known colloidal complexes between
the humic colloids and t allophs mineral colloid. ALl the soils have
a relatively high total alumina content relative to silica, and a low iron
content. '
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Provigionally., until further wineralogical studies are made on these soils,
it is proposed to regard them as Minimal Allophanic soils, developed in a
zone of weak weathering and slighi-to-moderate leaching, with no more than
moderate melanisation.




6. Soil classification

In Chile, these soils are often barely admitted into the group called
PTrumao s it is only their similar physical characteristics, and their -
behaviour under farming that encourages some soil sclentists to regard thenm
as, at least, transitional to the Trumao group.

In the 7th approximation of the North american school (1960) of
classification these solls belong to the order of Inceptisols, suborder
Andepts. © Jnce there 1s no distinet cawbic horlzon developed, they are
probably Entic Umbramdepts.

In the older classification of New Zealand (Taylor st. al. 1948) (Taylor
& Cox, 1956), they are mainly weakly weathered Yellow Brown Loams and
Yellow Brown Pumice Loams; in the latest New Zealand classification (Pohlen,

1962), they would probably be regarded as sub-alvic and alvic soils. They
might be defined in full as "weakly to moderately enleached, weakly .

accumilating, sub-alvic and alvic soils from weakly argillised andesitic
and rhyolitic ash and derived materials®,

They are not Humic Allophane soils, in the sense used by Kanno (ibid, 1962),
but they are 'allophanic! in the sense that colloidal amorphous allophane
is their most significant and dominating characteristic: the characteristic
from which almost all the chemical, physical and faming attributes spring.

Trumao soils of environmental zone 2

Allophanic volcanic ash soils are abundantly developed in this zone,

_but only over the Andean cordillera and the foothills; related solls derived

from voleanic alluvium extend for a short distance on to the plains of the
central vale but at a distance of about 20 km from the foot of the
cordilleran foothills. No allophanic volcanic ash soils are seen on the loww—
lands or on the coastal hills, and none are found along the coast from the
mouth of the Nuble river southwards to the limits of Cautin Province.

Apart from the allophanic soils derived from voleanic alluvium, which
have a flattish to very slightly undulating relicf, and take the form of
old alluvial fans tapering towards the indes, the allophanic wolcanic ash
s0ils of this zone are mainly developed on undulating, rolling or very
strongly rolling 'ceja de montafia' downland, and on the moderately steep to
steep hills of the actual Andean cordillera. These soils thicken in depth
towards the centre of the cordillera, despite the gradual steepening of the
slopes., Bven in the truly mountainous parts, the mantle of volcanic ash
is almost complete, — being missing chiefly where erosion has followed
destruction of the natural forsst both by fire and by misplaced agricultural
endeavours.



the diversity of volcanoes in the zone (there are six major
ones), the aéh beds show & remarkable ty. The dominant soil forming
material ls an andesitic type of ash; sometimees Intermediate to basic in
composition, and elséwhere rather more acldic. The dntercalated showsr
horizons are nearly always pumiceous and often clearly rhyolitic, and’
sometimes appear bto have been emplaced as o mud-plaster. Puxn 1cmoua horizons
are seldom at or near the surface of the ash mantle in this zone, and no
solls d rived entirely from pumlceous materials have been discovered;
v osuch maverials do occur amongst the deeper subsoll strata in a

many solls. Volcanic glass, magnetite, and various opaque minerals
are a common constituent of all soil erials giving rise to '
allophanic soils in the zone (see table 5a

Considering

Lo Environmental characteristics of the zone

Yean annual precipitation ranges from about 1100 mm to over 2500 mm.
The maximum occurs not along the andean divide, but well to the west of the
Argentian border, and approximately over the reglon in which the velcanoes
are situated, Rainfall in the region of the Andean divide 1s probably less
than 2000 mm. Only about 8% of the total rainfall falls during the warmer
sumner months, and as much %s L5% falls during thé cooler winter months.,
Along thée western skirt of the sordillera at 3t three months in every
year have 5 than 60 mn rainfall, and sven over the cordillera ranges
thmf@ is uauullw six wecks to two months in which evaporation exceads
precipitation, There is thus a very distinet, although relatively short,
dry secason. Over the foothills znd adjacent lowlands, the dry season is
more narked and somewhat longer: perhaps the soil envirvorment ‘may be
characterised as one in which there is a molsture deficit for a perdoed of
up to eight weeks in cvery year. The ranges are regularly covered lightly
with snow every winter, bul this rarely extunds to the lowlands although
even here very cold nights are the rule in winter, and as much as 4° of
frost have been recorded in December. '

G

The mean annual temperature lies in the range of 15°C to 14.5°C, with mean
summer (December) temperatures ra g;) ing '“mm 28°C to 22°C, and mean winter
(July) temperatures ranging ffwm 9 o 8.5°C," The climatic regime of the
gone approximates to N_ornthw&ite’qﬁc L:QOry thumid, mesothermal, summer
rainfall deficiency: B Bis ', Comparable, but by no means identical
climatic regimes occur along the Tagus valley, north-e tof Lisbon in

: d in the south-west corner of Australia, near albany (R.GC.

srs, N.4, Meteorological Service, pors. comm., 1960).

Topograpiically, the soils arc developed on landscapes of all types of -
relief, but the main faming soils are on undulating to rolling land,

The natural plant cover was park-like woodland dominated Nothog
obWiou“ ('roble!) on the outer foot thills, with a more

the dinner foothills and on the dndean ranges, The
dmm&nxabea sadily wmtm altitude, and its place is L2

% See Thornthwaite, 1948,

gus

: Iorest cover
fﬂoportion of roble
by other species
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of Nothofagus, notubf
latter is wwuail”
deciduous specl
coincides with +

firre (N. antarpctica): the
foble is one of the
earance from the canopy

“VGT@Tu@H f@rests in which laurel

o j.

(Laurelia squKWVLLVuu;, canelo (Drimys winteri) and olivillo (Aextoxicon
punctatum) are important trees, in @ddx*&mn to the evergreen species of
Nothofagus, Poc.. - wrl61Wbm; s (mafio) 1s common in the higher valleys,
and Pilgerodendron sp., ('cipres!') apx*wrg on the scoriaceous river terraces
near the volcanoss. In the more lmmediate vicindity of the volcances, the

forest has been destroyed by noxious
communities aUp@aro

es, and coarse tussock grass

The associate non-trumao solls in this zone are mainly Non-Calcic Brown
solls Intergrading to Brown ILateritic soils, and to Brown Forest soils;
Brown Mrest soils; and Hed-Brown Iatosolic soils (Roberts, et. al. 1958),

2,  General soll morphslogy

Topsoils: - generally between 20 and 40 om in depth, except in scils derived
from voleanic alluvium where total topsoll depth may reach 70 cmy
- textural range generally finer than for soils of Zone 1, the
majority of soils being very fine sandy loams, although the
range in field texture lies between Sdndy]o&m and sllit loam
(mvchamicnl amalyseﬁ on properly dispersed materials indicate
that the textures are clay):
~ colours are prwdoWimantly dark brown or dark grayish brown when
dry; darkening to wvery dark brown or very dark gray brown when
we (1uva 3,7; 7.5YR 3/2, 107R 5/2 dry: 10YR 3/2, L1OYR 2/2,
7. fVR. 3/2-2/2, woist);
- usually very friable under natural conditions but may become
shtly firm under pasture, - never compact;

-~ weakly developed fine subangular blocky structures are very
common in the topsoll, and these break easlly te very fine
granules and crunbs; vvry light volume weight, and somewhat
difficult to wet, in respect of individuwal granules; rather
fluffy ! vhen 2y

- usually non—sticky but very slightly plastic when molst;

~ boundar - usually quite distinct, even sharply defined under
pastures, but slightly blurred and irregular under natural
forest o

Subscils: mainly darlk yellowish brown, grading to yel low brown in the dry
condition (LOYR L/L grading to LOYR 5/L or 5/6); colour

changes very markedly when in wet condition for the dark
yvellow brown upper subsoil material changes to dark brown
(7.5YR 3/2) or e u¢<dary reddish brown (5YR 3/3) while the
lower subsoil changes to dark reddish brown (5YR 3/4) or
reddish brown (5YR A/Q}y except for some ol the older pumiceous

i
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they persist in agricultural soils

rmnder an entirely different blota,

rphous allophane formed by the

11l; these nodules have none of
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usually non-sticky when moist, but

C ic, =~ this feature

moist soil is worked in the finger
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material
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~ the lower subsoil boundary is usually sharply defined.
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> loess with some
Con rolling
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13,50, with mean winter
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on undulating, rolling and even flattish landscapes, under a natural plant
cover of roble forest which is less open than was the case with the Santa
HBarbara soils of central Bio-Bio Province

The soll profile showsi-

25 em  dark, rather reddish, brown very fine sandy loam or loam, finely
grarular in structure and friable. {(field pH 5.4);

10 cm  brown, very loose and friable loam with many rounded nodules of
asgregated soil that are markedly more firm than the general soil
mass., (field pH, 5.6);

30 em  Dbrown grading to yellowlish brown silty clay loam, which forms wide
shrinkage cracks when dry and the shrunken soil colunns have &
roughly prismatic structure., (field pH, 568);

60 em  dark yellowish brown well-structured silty clay loam, WQ1ch likewlse
shrinks strongly on drying. (field pH, 6.0),

On. . stratified yellowish brown ash beds and shower layers.

This soil represents the more weathered member of the Santa Barbara
agsociation, although it is still no more than sub-moderately weathered on
the broad weathering scale. This soil has a much higher catlon exchange
capacity than most of the Santa Barbara soils, and also has an extremsly
high phosphate 'fixing' capacity (up to 95%). Possibly for this reason, the
goil appears to be slowly 'oing out of cultivation in recent years, or, at
least, farmers are ﬂmploylnw a longer rotation under pasture than formerly.
The iarm&d 501lo are rather low in lime and potash, but the chief limiting
factor is certainly the phosphate problem

iv) Arraydn silt loam (appendix, profile No. 19)

This is one of the many kinds of trumao soils derived from volcanic
alluviun, Characberistically they all have rather dark, deep topsoil
horizons, and the dark colours fade gradually to dark yellowlsh brown in
the subsoil. Textures are mainly silt loams in the topsoil and fine sandy
clay loams or slightly sandy loams in the subsoil.

Arrayin silt loam is developed on flattish to very gently undulating land-~
scapes from old volcanic alluvial fan materials, dominantly andesitic but
containing more admixture of fine quartz than most other trumao soils in
the zone. This soil is developed under the full climatic range of the
zone, and the original plant cover was probably roble parkland forest,

A typlcal profile shows:-

50 an  very dark gray silt loam, rather firm in its farmed state, and with
a good granular structure providing the farmer with an excellent
tilth after ploughing;

90 cn vellowish brown or brown somewhat sandy loam to heavy fine Qandv
loam (this may vary a good deal within a very restricted area),
also with a well developed structure,



One. loam, which is usually resting on gravel

high

These soils

cation exchange capacity and show guite
strong pho@phr ion e ] decades of farming, Nevertheless,
they are extremely wvaluable ag ustural solls, maintaining their dark
colour and humus 1 conditions.

v) Baguales fine sendy loam (Appendix, profile Ne.20)

daguales soils are iLoy@w under much cooler conditions but under about
the sa annual rainfa Li nth somewhat similar pattern of rainfall
distribution, as solls in this group. They are above all
the trumao soils of ie of the Andean cordillera, in about
latitude 35°3, 4in Alsén frovﬁpaxw Under natural cmnditions they support
enga (Nothofagus punilio) deciduous forest and sometimes also fiirre (N.
“antarctica) forest and scrub-forest,

e Py
Lk 48

fs)

soil sted by the frequent very strong, cold
southwest w1ndb WHL(b drop much of thelr Leture in the passage of the
cordillera, and bring rain on about 150 to 180 days of the year, with a

total precipitation of 1000 to 1200 mm per annum. Syring and summer months
are notlceably drier than the rest it 1ls doubtful whether
there is any truly dry month. Anotl is thad there is more snow
in winter, and considerably colder winter temperatures (mean July temperature,
6°C)., The mean summer bemperatures (January, mean 14°C) are not so very
different from the main region of the santa and c¢losely related
soils, ‘

The climate is domi

4 typical profile shows:i~

20 cn dark brown fine sandy loam, friable and with a fair granular
structure;

20 om brwwn gandy loan
structure;

4O em  dark yellowish brown heavy sandy loam, firm, and with a less

‘ ;mmmmmmiﬂocw'm'wuzhuLﬁmwfq@

On. gravelly sands and sandy clavs, - ulmis of glacial origin.

Ly flrm oand with o distinet blo ukﬁy

No chemical dats ; hese solls, It is expected
that they will prove to be rather less wea ,ko red and somewhat more
leached than the Santz Barbara golls, vet still fall within the
sub-noderat ly w¢¢nn~r\a category, and will have allophane as the dominant
clay mineral, Y Lor glﬁd“ﬁmd frow,farm@rﬁ on these solls,
- and farming exper V han in the case of the
Santa B&%b“ra soils sinc much more recently
in Alsén Province, - it would appear Uh&t pnosphat@ fixation is a major
problem on these soils, @nu that the m&in fertilizer requirements are
nitrogen, and phosi ; ipated that much of the natural
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fertility of these soils resides in the organic topsoil horizon build up
under the forest, that the subsoils are relatively poorly supplied with
readily available plan nutrients, and that, as a consequence, the nsed for
a balanced fertilizer programme on farms will become more apparent as the

years pass.

5. Soll genesigs

Soil processes that were evident in the trumso soils of zone 1 are
operating with slightly greater force in the trumao soils of zone 2. The
modal soll for the trumaos of this zone has long been regarded as the
Senta Barbara soil in the Santa Barbara district (ses Rodriguez, 19A9>; and.

& simple microscoplc examination of the topseil and subseoil materials of this
soil shows that the horneblende and hypersthene minerals are much nore
strongly attacked than in the Hornillos and Tregualemu soils, Mechanical
analyses are a less useful guide to soil weathering in trumac soils, mainly
because of the great difficulty in obtaining full dispersion of the material.
Usually the 'clay fraction' is far from complete, and much of the clay settles
out with the 'silt fraction' due to the ease with which allophane aggregates
under natural conditions in Chile, subsequently the agpregated particles
behave like silt because they do not readlly return te thelr amorphous state.
Nevertheless, the topsoils of the trumacs in zone 2 do contain up to 50% more
clay in thelr composition than those of zone 1.

Lhere apPes to be little diffsrence in the intensity of leaching between
the two zones; the difference is mainly one of intensity of weathering and
the formation of aggregates of allophane under the sesasonally dry conditions,
The presence of gibusite in some cuantity (see “able 5b) in the same profiles
along with the allovhane 1s a most interesting feature, and suggests that

the soll environment is sufficiently rich in alwminae for part of the
amorphous allophane to crystalise directly to gibbsite. Typlcal waxy
aggregates of gibbsite have never been reported from these soils, but it may
be present as very fine material, dispersed through the soill, -~ or may even
be, in part, responsible for the formation of the rounded earthy nodules

that occur so commonly in the subsoils.

It has been long known that many trumao solls have comparatively large amounts
of easlly extractable alumina, which 1s possibly a very early product of the
weathering of plagicclase felspars and volcanic glassss. Sherman (1962)
has proposed that, in the tropics, the weathering system might be reduced

to first, the formation of an ionic system, followed by an amorphous systenm,
then a cryptocrystalline system, and finally a crystalline system, The
weathering of volcanic ash in the temperate regions has something in common
with tropical soil weathering because the nature of the ash material is such
that weathering can penetrate deeply, and operates very rapldly at first
because the materials are all finely comminuted and crystal surfaces are
often broken. If a large amount of ionised alumina is produced during the
ionic phase of weathering, this could conceivably have some conditioning
effect on the amorphous system, and some of the amorphous allophane

)
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The nature this active 2lumina in these trumso scolls 1s still
under. lnves . ; 2 18 a good deal of evidence as to its

existence, apart from any effects that might be produced by the exceedingly
large amounts of amorphous allophane in the soll, In this case, there is

the strong possibility that the presence of ionic alumina is connected with
the formation of gibbsite and its existence in the soil simultaneously with
the presence of allophane. Sea soTié 21 dehydration of the soil would undoubtedly
facilitate the Loywzuon of pibbsite under these conditions.

The part played by the natural vegetation in the soil SySt@HLH@V'VWOVB to be
a wost int: txﬁﬁ One, wer natural conditions, there is the usual build
up of fertilivy in. the topsoil and the usual formation of r&ﬁh@r stable -
humus compounds, perhaps in COP‘JH ction with amorphous allophane. When the
forest cover 1ls destroyed re may be a significant increass in the top-
soil and upper subsoll bemper: es which promotss an increase in weathering
in these horizons, b cing about an increase in exchangeable plant nutrient
and some increase in clay formation and transformetion. This could happen
in an em 0t where the balance is a very delicate one

6. Soil cldamsifica

In Chile, these soils aie w~gﬁ1dud as being typical of the group referred
to as !'Trumo Soils'. Mella (1958) has studied the micro—-structure of
trumao ‘'soils of this zone, and r ves them to the Brauwlehm terroso in t
system of Kubiena (1938; 1956), and to the volcanic ash soils of Spanigh
Giines and the Canary lslar 11 1958).

In the current United States system (7th Approximation, ibid) these soils
are probably mollic umbrandepts, although the pH valves (as measured in
the field) are rather low and no information is lable about the

carbon-nitrogen ratios.

In the earlier ¢l fl““*lﬂﬂa of New Zealand,; these¢ solls are weakly
weathered Y&liow Brown Lo In the latestlNew ZJealand nomenclature, they
are probably alvic soils,




They are close to, but not identical with, the Humic Allophane soils as
defined by Kanno (ibid, 1962); the chief divergence oseing in thelr lower
humus content in the topsoil, thelr higher base status and higher pH in the
upper horizons of the profile.

Provisionally, it is sufficlent to regard these soils as allophanic soils
developed in & zone of sub-moderate weathering with a marked summer dry
season, under a leaching range of slight to moderate, and with but moderate
melanisation,

Trumao soils of environmental zone 3

This is the zone in which the Chilean allophanic volcanic ash soils
have their naximum extension: they may be found .from ncar the coast, across
the whole width of thie Republic to the frontier of Argentina. :

They include many examples of soils derived wholly from subzerial deposits
(mainly on the foothills and ranges of the Andean cordillera); some soils
derived from volcanic alluvium on the plains of the central lowlands; and
many solls derived mainly from volcanic loess, including some nsar the coast
where the loess is possibly derived in part from resorted coastal drift,

The soils are found on a wide variety of landforms ranging from flat alluvial
plains, through wndulating and gently rolling terraced landscapes, to the
strongly rolling dewnlsands of the pre-cordillera of both the coastal and
indean ranges, and the hilly to very steep and mountainous sectors of the
Andes. The best agricultural solls, and hence the best known trumao soils,
of this zone are those of the plains and downlands, centred about the
agricultural region of Temuco, the administrative centre of Cautin Province.
There are eleven important volcanic centres in this zone, all on the Chilean
side of the Argentinian frontiers, and many of these are still active, giving
rise to fresh depositions of volcanic ash from time to time, During the past
decade there have been no less than 13 outbreaks of volcanic activiby.
Usually most of the ash ascends to great heights and is carried by the upper
winds far across Argentina, but from time to time fresh ash (very fine
volecanic dust) falls on the agricultural land of the central lowlands and
may even reach the coast. This dusting of fresh volcanic materials on the
agricultural soils 1s usually very light, seldom more than a few millimetres
in depth, but in the vicinity of the volcanoes, it may attain several feet

in depth. areas with fresh ash more than 20 cm in depth are regarded as
Recent Volcanic soils and are outside of the Trumao soll category.

The parent materials of the volecanic ash soils in this zone are thus often
rather strongly stratified, and thers is commonly an abrupt juxtaposition

of materials differing widely in mineralogy. Layers of siliceous, pumicetic,
rhyolitic ash may alternate with basaltic sand and andesitic ash in some
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the dominant parent moterial is pumiceous gravel and
consid M~LJK distances from the voleances, an
apparently uniform awg of "ande may show strong mineralogleal
gtratification wnder x”“0b<0pb“ However, all trumac soils appear to
Contaln a high ﬂropoytlon of voleanic glkmwv:ﬁ magnetite and various

: minerals: augite, hornblende, hypersthene and other common volcanic
miwcr@*aﬁ show a definite pattern thwt” Wiib more prolonged studiss, could
ccrtainlv be related with v<141m eruptions from certain of the volecanoes.
vineralogical nao soils of this zone has

arsas; in other
sand; while,

-

; 2} ation of the trw
i’ been touched, and 1t should be attempted because the findings will
be of value to the farmers of the region.

1. Znvironmental charachteristics of the Zone

Mean annual preclpitation raenges from rather less than 1500 mm at the
coast, to between 2000 and 2500 over the central lowlands, to over 4000 mm
in the central part of the Chilean Andes, and falling again to about 2000
near the frontier with argentina. The greater part of the zone experiences
from four to six weeks when the rainfall averages less than 60 mm per month,
and the soils may become dry for two or three weeks; although they are
seldom ever as dry as in the preceding zone, unless the s an exceptionally
dry vear., Dven when apparently quit

e dry near the @uxizo&} the subsoils are
usually quite mcist; moreover, apparently dry topsoil and upper subsoil
samples usually glive off guite a lot of & ture in the plastic sample bags.
Throughout the %om@‘ about 10% of the total rainfall occurs during the swmer
months, usually in the form of brief showers every few days. Some of the
precipitation over the foothills and andean ranges regularly falls as snow
in the winter,

o3

Mean annual temperatures lic in the range 13.5°C to 14.5°C, and mean winter
temperatures (July) are about 9.5°C, while mean summer (January) temperatures
lie between 21°C and 24°C., Te ature regimes are thus rather similar to
those of the Taranakl region of New Zealand, but the su « sonn in Chile
is far drier. The climate of 3alem, Oreﬁonj is also slightly similar, but

is far colder in winter and somewhat drier in summer.

Ne

tocover of this zor
w-Laurelis sempe

e was forest, PULF ﬁoadinﬁ to the
irens formation (of Pisano, 1950) on the
1d andean foothills; with Valdivian coastal forest on the
;d coastal lowlands; and Veldivian %md@an forest in the

i1 including scme arcas of aAraucaria forest at high e “V“ﬁioﬂﬁ,
grphla shrub formotions, with pe of fmewck grassland ¢

above LZ00 m on the drier altiplano uplands near the Arg@mtxni&n

21

ﬁ@ntrul Low¢wnd
coastal. rang
Andean g
amd Xero
titudes
DQPQ@Te

Agsociated non-trumao solls in this zone are Red Brown Lateritic soils,
Brown Forest soils, and Brown Podzolic soils according to Roberts et. al.,
(ibid, 1958), '
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2.  General soil sorphology

Topsoils:~

Subsolls:

H

generally slightly shallower than in zone 2, with 12 to 30 cm
depth, except in the case of soms soils derived frowm volcanice
alluviun where the topsoll may reach 60 cm. A few alluvial

&rauwm b)llS approach the morphology of 4ndo soils (Zramao, 1957;

T ,*le fner than soils of zone 1 and 2, with
51 511t loams and loams predominant, except in

Rege
ouy aw&vwiimx~@1¢cumDiwy
some alluvial scilss
colours are predominantly brown to dark brown when dry, being
slightly grayish in most alluvial derived trumeos, and off
dark gray in subaerial ash soils at high altitudes in the Andean
cordillera; colours when moist are dark reddish brown, to black
or very dark brown; notably darker than in zone 2;
the topsoils are usually slightly firm under natural conditions
and show granular or very fine subangular blocky structures, thus
differing little from topsoils in zone 23
topsoiles are somewhat more sticky and plastic, in general, than
in zone 2, bubt this is not very evident unless samples from the
two zones are compared simultanecusly; .
the lower uoundary of the topsoll is usually guite distinct.

erials, some loessic solls and

oI very

.

mainly brown grading to yellowish brown when dry; and dark

J] el b t“”\z ) A o1 emsd | b(:, -'c‘t v «t/h P> knﬂ
yellowlsh brown in the lower subsoil when moist, with a marked
difference between webt, molst, dry, or molst and crushed, colours:
generally a yellow be%ﬂ dry subsoil changes to very dark yellow
brown when molst; to strong brown when molst and crushed; and to
dark brown vhen wet;

subsoils always show stratification, even in leoessic soils, and
often this inherited sayering of the parent material is very

marked with bands of pumiceous material that maj be cemented with
silica and thus b@cou@ somewhat rewminiscent of 'talpetate! soils
(see also, Valencia, 1957);
textures are Mﬁlnlv silty clay loams to light clay loams in the
subscils of zone 2 trumaos, - ranging from loamy coarse sands
and coarse sandy leams in highly pumiceous seils, through sandy
loams in some of the trumaos derived from volcanic alluvium,
to silty clays in some of the deeper and older ash strata;
at some level in the upper part of the subsoll there is typlcally
& very friable and loose horizon, structurally similar to the
upper part of the trumao subsoils in zone 2, but without the
roundish nodules of hardened eartn; this light and ‘fiuffj’
material is sometimes 'lumpy! with irregular clods of slightly
firmer (slightly hard when dry) neture, but this is not every-
wh@re present; this horizon is often very slow to wel once it

3 become dry; a very consistent characteristic of the lows
uub%OLl horizon is the development of large shrinkage fissures
in drying road banks; these appear to develop during a
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ist through the subsecusnt
the soil culndx separated by the

1 irregular prisms;
road banks and do not
develop in the soil under fore nor in the farmed land;
the lowsst subsoil layers, where the d textures are ever more
~L¢wwyﬂ do snxxnuagv cracks in the road cuts and
) | allophane are appearing in these

particule

however,

Stj<ﬂ@w and sometimes more than

3 n both properties over similar

soils of zone 2,

and 'greasyness! chavacteristic of allophane

& 1 condition, 1ls very distinctly developed in

almost all subﬁoil (and topsoil) materials show this
characteristic, - @‘“ many of the hly pumicecus sollas

- ATy of t Bubse ol? ' re very distinectly or

nhd ¢ 1] i W*;.“ hat they eften colnelde with

&
=
a8,

R tables 6y and 6b)

o

teal information needed te characterise
truman 3odig still lacking. Most of the

Um@m dry @oil ;\*plow e hands of the Ministry of Agriculture and’
av Ll@th in due course. Only four profile analyses are
le

of the

pre u@ﬁtly avallau

1 oal ses are avalle for the trumac soils of
MW” fueior alyses of the clay fraction are available
‘soil, and that soil is derived mainly
volcanic terials (table 3b).

i@p%@lJUW No mineral
this zmma,
in the of only
ﬁTOM«&LﬁMﬂml:ﬂhllQQhu

-

acidity (pH 5.3 ~ 5 7),

e content (25% and uvwr?

city (59 -~ 75 mn@.%)j

lower than in the natural trumaoc

n is
uowao¢l$ of zone 2, ranging from 3.0 tc 159 meeliog

~ base saturation mich lower than natural topscils of zone 2
trumacs, with a range between 7.2% and 27.4% (i.e.. very low
to low).

il with depth, but the range is from
&pgrcachwng near neutral (pH 5.1 to 6m5);'



- decreasli e
there 1s ofte
~ high);

content with depth, bubt even at 1 metre
2%, (range 2.2% to 21.3%, i.e. low to

- cation exchange ies between 48 m.e.b and 71 m.e.%, which
lizs mainly in the Wwery'hiza! category of Metson (1961);

- exchangeable calcium ranges from 2.9 mee.% to 9.8 m.e.% (low to
medium) and decrsases with depth, except in the case of the
gingle & from volecanic alluvium where the influence of a

~ base saturations range from L.7% to about 17%, which is in the
very low category,

Observations — Apart from the single sample from alluvial volcanic materials,
all the data are for trumacs of mainly subaerial origin; and

all are from soils under their natural, undisturbed conditions. No data for

farmed soils 1s yet avallable.

The natural solls have a consistently wvery high cation exchange capacity and
are poorly supplied with exchangeable bases. The fertility status of these
soils, on the measure of base saturation, is decidedly lower than the trumaoc
solls of zones 1 and 2, In addition, these soils have typlcally a very high
rate of phosphate !fixation' {schenkel, pers. comm, 1962), at times up to
90% of the added phosphate becomes rapidly transformed into phosphate
compounds that are not avwailable to plants. No information is available
concerning the total rutrient reserve available in these soilss casual
microscopic observations showed the presence of hornblende, hypersthene, and
oeccasional crystals of augite and quartz in most soils, but relatively few
felgpathic minerals were seen. Mognetite was noted in abundance in all soils,

On the evidence available, it is considered that these soils are slightly
more weathered, and (mainly) very much more leached than comparable trumao
soils of zone 2., Although vhysical ansalyses for textural determinations are
generally unreliable in these zolle, the 'clay fractionldetermined is usually
up to 20% higher in the trumao soils of zone 3 as eompared with eguivalent
soils of zone 2, Soil temperatures taken n summer at various depths show
that the mean soll tewmperatures are little different from those for trumao
soils of zone 2, for comporable depths and under equivalent kinds of
vegetation. The soils are, however, much molster during the summer in zone 3,
Provisionally, the trumao soils of wone 3 are cnsidered as moderately
weathered allophanic volcanic ash soils,

Ls Characteristics of tynical soils

In this zone there are an abundance of exemples of solls derived mainly
from subasrial volcanic materials; many soils derived in part from subaerial
materials mixed with volcanic loess; a good range of soils from volcanic
alluvium; some wholly loessic soils with volcanic minerals dominating thelr
composition; and Trumac-Recent Volcanic ash intergrades. ocolls derdved from
puriceous rhyelitic ash are fairly abundant in the Andean cordillera,
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From this wealth of material, seven Sci
Appehdixy three 1 : QLQ > to the
category, and they € rcmnlv to illu uﬁ Lwlw th@ ﬁollﬁ gh@w
congiﬁtanﬁ {awturcﬁ that stinetly different from those oi @Quiv&l&nt
2 (the Santa soils), In Chile, it has been the
mOlj p 3, as belonging to one common soil
gvidence, and the laboratory evidence -
,i,&t@‘uwm the trumacs of zone 3 are

i Zom as a separate association.
i for this as blon, since
goilg oi Cautin Province

assoc
as far as WT/ $
sufficlently di:
The name of CaUT
these solls are

v
HISRG]

i) Coutin silt loam (4appendix profiles Nos. 21, 22, 23)

V Soils of the Cautin association have the following profile
characteristics:-

15, 20 or 25 om dark grayish brown to dark brown silt loam, slightly firm,
and finely blocky or g ar. (field pH, 5.8; lab. pH, 5.3); -

20 on brown silt loam, usualliy le to very friable, fretting away
easily in road banks, very finely granular or crumbly, but somstimes

CVlumpy!. (field ln, 5.4y lab. pH, 5.1);

60 cm  sbrong brown or yellowish brown silty clay loam with a coarse blocky
stwuctur@, of i and often with prominent shrinkage cracks
or ok 1ow1uﬂ an irreguler vrismatic type ol structure.

Gw13n field, rnolab. 5»5}; ~ w

yvellowlsh bro ), t
tmmxcvrv to ior«

‘,Ld(’}.f} pm {%,O}) :

Ony « various s of stratified Vo?@&mi@ ash, including some rather

compact, kLy cemented pumlcsous lavers and tnlck beds of vellowlsh
“browmn to brown very atix=.xplty ol ‘ Lo Lo

ot (ﬂ

to silty clay, less
stic. (field pH, 5.8;

o]

s \ ding
shrinkage LL‘”UTQS amd more pla

LO om

stratified ash beds and shower

over strongl
ers are slightly cemented,

pumiceous lay

v

This soll is normal.
}3y@r* amd in SOmeE

Farming on these Soils is mkinly a rotation between pasture and wheat
th of rotz tion adopted by

cropping, “1@“ wide differences in the le
individual farmers,  Nitrogen and phosphatic fertilizers are regularly used
with the ‘cereal crops. Sometimes potatoes, flax or sugar beet are used as
the first crop on land out of pasture, and occasionally two crops of cereal
(wheat, oats or barley) are grown in succession. On some rented farms,
cersals are grown in continuous succession, but these farms change owners
rbu% frequency, and, some are in a very run-down condition. The chief
: factor to *ro”uctikn with cereal crops and sugar beet is clearly
the wr@mlwm of uﬂ%Vu¢lw011*£V o1 pho st he soll; pasture production-
is also affected by this factor, but it shows mainly in the difficulty of
maintaining the legumes in the sward, Froperly managed and carefully
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feyﬁgl%Zmd, these solls make excellent dalry pastures, and carrying capacity
is limited mainly by the of summer feed available for livestock. In

some areas logal irrigation systems have besen contrived, and results are

-

often excellent, Although the solls are sel onpletely dry under natural
sunmer conditions, nevertheless the high water holding capacity of the

allophane clays induces a period of physiological dryness which sharply
diminishes pasture production during about three of the swmmer months.
Irrigation removes this obstacle to farm production in a spectacular way.

ii)  Icalma loamy toarse sand (4ppendix, profile No.24)

This soil is included because it forms a sharp contrast in soill
morphology owing to the very high proportion of rhyolitic pumiceous ash in
its parent material, It is developed under rather similar rainfall
conditions (about 2000 mn rainfall per annum) but at an elevation of nearly
800 m higher in the Andes, where mean annual temperatures are somewhat lower
(13.5°C as against 14.5°C) and some of the winter precipitation falls as
snow, The natural vegebation on this soil was Araucaria forsst.

The profile shows:—

30 em black loamy coarse sand, slightly firm but with a blocky structures

25 em dark brown loamy coarse sand, rather friable and with a much finer
(granular) structure;

25 cm brown to dark yvellowish brown coarse sandy loam with many large lumps
of weathering pumlce;

90 em  yellow to pale yellow firmly packed pumice gravel of rather coarse
slzne;

LO em  very dark gray brown coarse sandy loam, - an old buried topsoil
horizon;

20 em dark grayish brown slightly gravelly sandy loam, rather massive
in appearance,

On.v. - strong brown gravelly sandy loam, and various other highly pumiceous
strata continuing to over 5 m.

Soils of this type cover a considerable area of the altiplano uplands of
Malleco Province, and are also found on many of the steep slopes of the
central cordillera. They are quite stable under the natural forest, and,
with care, even gquite steep slopes can be cleared and established under a
grazing regime, but, in the majority of cases, the forest is simply milled
and the trash burned, leaving volunteer grasses as the basis of the grazing
pastures. Under these conditions gquila bamboo and coligle bamboo (Chusque
spp.) invade the hillside, and froequent burning is carried out to control
these plants. Under this type of management, erosion inevitably accelerates
to the point where the underlying pumice horizonsin the soil are exposed;
and once this cccurs over a wide arsa, farming becomes almost impossible.
In severe cases, great landslides may occur, burying the more manageable
soils of the lower slopes in a thick mantle of loose pumice stones.




able for this soil, but they are expected to be
r better supplied with phosphate in
lowlands and foothills, and
Good farmland could be developed
m%@or experiments with fertilizers and seed
rmers are encouraged to enter the
, colonisation is

No chemical data is yet avail
slightly to moderately acicd, yet
available form than the trumao soils oi the
with a much higher base status ¥
on these pumice soils, but scme
mixtures. should bk undertaken bel
. In so g
permi ted ahea i of scie

i Vilcun leoanm to silt loam (Appendix, profile No.25
o Ex "

Vileun solls are developed on flattish terrace land to the north of
Temucoy they are underlain by dous kinds of old valley fill, and part by
old breccia flows from the andean cordillera. In this latter situation they
are somewhat similar to Victoria scils of tuw Malleco Provines, Vilcun B
solls are from 80 ?m.to 1.5 m desp above the consollidated substrata, and
the main soil 1al is rather ”&X@d volcanic alluvium. They are developped
under about 2200 mm mean annual s L, with about one 'dry! month in the
summer. The natural plant cover was nly roble forest, with 1i :
canelo, etc. ‘

A typical soil profile shows:i—

30 em dark grayish brown loam with a strong silt component, slightly
firm, and with a stro but fine structure; -

30 cm b{owu> faintly yellow Drown, very ne sandy loam that is

3 i has a weak blocky

30 an distinctly yellowish brown fins
rounded river gre cusually v
but not vrominentld: tured; ,

530 em yellowlsh brown iodmy sand, often guite compact and

© lignt lv ce : ‘
One e raths 2 less

R R -1
m with some small

horizon,

-+, gravelly loamy sand and gravelly sand.

in the Cautin Province, and has

: additional yﬁvanﬁ&g@ shat 4 ratively eagy to place under

irrigﬂtjon‘ Chemical analyses show that there steadily improving base
gtatus with depth; nor arce the soils very mark@dly,acidc Phosphate fixzation

i@, however, likely to i i armers on this soll employ
hoapn&tic fertilizers ~ also regularly use

potassic fertiliszers, although the subscil poh@amium status is not too low,

This is oma‘of the hast

Thie soil is used mainly for cropping (wh@aﬁﬁ oats, flax, rape-seed; sugar
beet can also be grown) butl very good productivity can be achieved with
permanent dairy pastures, and with clover crops grown for sced,
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iv)  Temuco silt loam (appendix, profile No.26)

This second soll derived from volcanic alluvium is included by way of
comparison with Vilcun soils. The profile gquoted at length in the Appendix
is rather deeper than normal for this soll, which usually ranges from 20 om
to 45 cm in depth, but shows about the same sequence of horizons and strata.

Temuco soils are also developed on river terraces in the vicinity of Temuco
city, and on similar terrace lands further to the south. Their relicf is
flattish to very gently undulating. They are developed under about 2000

mu annual rainfall, with slightly over one dry month in an average vear,

The substratum of these soils is often river gravel, and where the volcanic
alluvium is shallow above these gravels, the solls are subject to summer
drought conditions, far in excess of one month. This makes little difference
where the soils are under irrigation, but seriously limit their use in

areas where no irrigation is available

A typical soll profils (not that given in the Appendix) showsi—

20 om  grayish brown silt loam, friable and with a weakly developed fine
blocky structure, this horizon often contains fragments of fine pumice;
20 em  yellowish brown (1OYR 5/8, moist) slightly gritty heavy silt loam
with very fine pumice fragments, slightly firm, and with a well
developed fine blocky and granular structure;
15 om  tightly packed wmedium pumice gravel showing some horizontal bedding:
10 em  dark yellow brown, rather compact loamy sand,
On,«  large rounded river gravels.

Temuco soils appear to ha about the same level of fertility as Vilcecun soils,
or perhaps slightly lowurﬁ and their productivity is mainly related to the
soil molsture supply and availability. In places where these soils are
adequately irrigated, supplied with phosphatic and nitrogenous fertilizers,
yields are often as good as on Vilcun soils. In places where the pumice
layer is well developed in these soils, water may be slow to penetrate from
the upper into the lower subsoil when the water is first applied. In places
where the underlying gravels, or other old alluvial beds, are conscolidated
and interbedded with silty clay, drainage control should take precedence
over irrigation construction works. for under these conditions the shallower
phases of Temuco solls are easy to waterlog, and adeguate drainage is of
frst importance.

V) Trevolhue very fine sandy loam

Trevolhue solls are developed over a rather limited area, near the
oast and along the north bank of the Imperial river, in Cautin Province.
K%@y are almost certainly derived from volcanic loess, They are developed
under about 1900 mm mean anrual rainfall, on gently to moderately rolling
landscapes, and their original plant cover was roble forest with a wide
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including some that are typleally

variety of evergreen broadlie
coastal forest especles.

4 typical proflile showsi-

<0 o n Iriable v Mone sandy with a very distinct fine
structure;
25 om brown, rather gilt loam, also friable and less

1 than the first horizon;
y loam, even more friable than the first
acks in drying

30 cm yxfllmvr leh brown silty ¢
two horizons, and showi ﬂ“ vertdcal ahriml.ﬂa
road bamkay

Ons s reddish brown clays of the 'Collipulli! type.

In places Trevolhue soils are much
areas they are less than 40 om deop.
by 'red clays' (the "Rojos arcillosos") of the :an pedologlets (@.g.
Besoain, ibid 1958) which are very old volcanic ash, probably loessic,

materials that have K&MJV,& to the point where the allophane has become
transformed to hillo and kaplinite, These under-beds are usually

compact and plastic

e

Trevolhue soils are expected to be slightl y acld to nuurlv ﬁévtrwl in
reaction, to have rather lower cation excha DA
the Trumao soils of the zone; to be rather well Smﬁpwaa w&ﬁh caicxum)
magnesium, potash Qadxu L @xuuw&g@abl@ form; and to have a rather
higher b)ﬁv gtatus most of the othpr trumac soils.  Thedlr main
&grloumtuﬂ@L ilmxfmtxvnu wx‘l e i wephate 'fixing! powers,
relatively low ni and kumub gqmt ‘ 1, pxrt_gujaliy, gummer dryness,
This latte 7oL S pluturu ‘“OQhLuLQn on these soils (hh@
shallower phases are not so much affected beca the underlying red clays
approach nearer the surface) and is fact that this part of Cautin
Province has a longer drought period in most of the years. They are
slituated in a position above the Imperial river and hence c&nnot be
readily irrd

5. Soil gen

ing have inereassed in intensity in the soils

Soth we

of zone 3, a rked advance also in the intensity of topsoil

melanisation, The majority of trumao soils no longer show the nodular

A Lions of earth din t wpper subsoil, although this horizon often
remains very friable and inclined to freét away in exposed road banks. One
feature, which was becoming apparent in the southern facies of trumao soils
of zone 2 (see Appendix profile Ho.18) - the tendency for the lower subspil
horizon to form shrinkage oracka in road banks - is much more strongly
developed in zone 3. This | tributed to the fact that these subsoll
horizeons are normally MWL“IV mmleﬁ all through the year in their natural.
condition in zone 3, and axposed and allewed to dry out more sharply




in a road bank, the
never regains ita

nks, and after drying out
zlopment of these
inkages cracks sm~like agerepated
in the vertical column ; fj“hb 58 ;fftncy the crisms nor the
vertical fissures can be clearly seen in the Laxmi scape, unless
the pits are a Left OQUA for a complete vhereupon similar
gtructures b appear in the walls of its. This irreversible
drying of the subsoil materials is similar to that reportsd from Hawali
(Cline, 1955; she n, 1952) and Samoa (Wright, 1963), where the soils
involved are Hydrol Hunic Latosols. en material from these dry Chilean
road banks is thrown into water, the smaller peds flcat for a time and then
suddenly slake and appear in the water as a suspension of fine silt
particles,

-

t these trumac soils have less

the Yyrao solls of 2. 1t is possible

15 less secasonal drying out of © soil, gibbsites

apt in th deeper suosolil layers. In two
n the silty clay strata at

have as vet no cola Lo confimm
gibbsite (or no g
th&ij gince the

rystalisation does not occur. ex
caabgg small fwaxy! nodules have been note .
about 2.5 m below the surface; on analy irrell, pers. comm., 1961) these
proved to be wibbumu@o In both these the gi% site accumulation was
associated, not with allophane-dominated material, but with materials that
had all the fi@ld characteristics of kaolinitic and halloysitic clay (Taylor
and Pohlen, 1962),

In many of the trumao soils of this zone there is clear evidence of clay
movement: clayskins and clay flows appear weakly at about 35 cm below the
surface, and appear more sty ﬂﬂl\ in the 50-80 om layers of the subsoil.
Below this depth. they ars ombined with pressure effects between
the peds, and in the LVA‘~1* ers these pressure !faces! are often
the dnmlnln% ik& ure., trumao scils are true horizons of clay
accumulation visible; im & horizon of apparent clay

er examination has invariebly shown that this feature
is connected more with the inherited p“ttarm of stratification and the age of

J
accumulation, but clo

3

the soll materdal, than with any acguired characteristic resulting from mass
clay movement and accumulation. The pre ¢ of clayskins testifies to the
fact that there "V EITE 1 not anticipated that this is

of a very hig

WaY

status uxﬂﬁlywng indicate clearly thal the trumao

In much the

soils of mone 3 are more leached than those of zone 2, yet there is little

enough expression of this in the Soll morphology,  Not only is the base
saturation % low because the catlon exchange capacity is very high, but the

total amount of exchangeable bascs 1s quite low. 17 these soils had been

formed from more normal parent materials, lower in volcanic glasses and

richer in quwwtzj the m@dxi profile for this zone might easlly have been
something akin to an Acid Brown Forest soil, in which the moderately strong

impress of the leaching processes would be displayed distinctively in the
soil profile morpn@iugj@ Unfortunately, no such types of soil parent
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ery difficult to evaluate in
L(ﬂltﬁ}W@CQSSQS> it is

3 represent at least
extends over moderate
r the loessic trumaocs
near ti solls being those of the
lowlands leached representatives being
found near Cunco, near Cherguenco and near LONGULIMAY .

s, end

rience indlcates a very low
&ct& . ~o 1 les show little
an increased crispness of the subsoll
An o clayskin development, and a very marked
nelanisation.  Some of bthese solls have almost the
morphology of dndosols, and almost exactly correspond *O kanno's (ibid)

i of some Huplc Allophane soils. In S0ME of tﬁb ¢ Chilean Humic
Allophane soiluy the ph range liss ‘ﬁ%Wﬁvm 5.0 and 5.7 and never climbs
above 5,4 unles: %E; re s a recent dusting of fresh volcanic ash on the soil

surfacs,

lw@ntlﬂ\u
but

In thegulMu
base statu
morpho.

increase in

CLsorn with
can be

lophanic volcanic ash
zg noumr@temh0~atrwng
;@d, there are minor ldcal
ch can be correlated with the
of ecologic ange ln the
seen uninterruptedly under roble
forest are usi ; 5 : : same soils that have been clearsd
50 to 80 vears ago and allowed to grv;xb to scrubby vegetation.. Trumao solls
in which brac has beconme tablished are also notably more deeply
melanised than surrounding solls without this invader.
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6, Soil classificati

“Iir Chile, these ;c;hﬁ as good examples of the Trumao soll
group, and no doubt b Fall within Kublena's category of
Braulehm terroso. Whil& (pers. comm., 1963) is currently investigating the
micropedology of trumen soils of this zone in Professor Kublena's
laboratory in Germony.
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In a great many resy ¢ coming close to the group characteristics
set down by Kanno (‘ ; ) for the Humic AAiophwﬁp group, yvebt many solls
are not quite within this group as defined by

Provisionally, it is sufficient to recognise them as allophanic soils
d@V@lop@d in a zone of moderate athering, with a very weakly indicated

; ABO, jbvplo ng under a leaching range of moderate to strong,
and with moderate to utlbﬂ% anisation. The strongly pumiceous mambers of
the group need separate recognition, but they are still soils in which
allophane dominates most of the soil properties, even though the total amount
of clay in the soll is likely to be swall, Thus in this zone, it is advisable
to append the phrase ',.., developing from rhyolitic pumiceous ash' or !...
developing from andesitic ash' ebc., in the above ldentification.

Trumao soils of environmental zone 4

In this zone trumso soills are restricted to the steeplands and foob-

nills of thie dandes, and to a relatively narrow strip of downland and well-

drained terrace lands. The main lowland area of the central vale is occupled
poorly drained fterraces with fladi solls,

The great ma] rztv of trumao solls in this zone are derived dirsctly from
volcanic ash d only on some of the terraces do solls of loessic

or atluvial origl xvpearﬂ The suba brmxi ash mantle in the Andes cordillera
region is exceptionally deep; several orofiles excesding € metres in depth
Were ma“ﬂurﬂﬁ ard recorded, and there is little diminution in depth even on
& » slopes.  Such Lhi“k layers of ash appear to remain surprisbrg
stable so lomg as the natural forest is not seriously tampered with. The
ash beds and shower horizons decrease in depth but multiply greatly in n
number of distinctive strata on nearing one of the volcances in the zone.
There are about seven important voleanic centres in the zone. The actual
cones of most of these volcanoes are covered in recent volcanic ash, often
buried under ssveral feebt of snow, except in the helght of the summer.

The parent materials vary widely in nature, and strata of very different
mineralogy may follow sach other in succes Gi@ﬁo Thxs was also o feature
of zone 3; srhaps the rather more common
&ppe%f“hoe o( ilnwly d‘Vldud puwzeb fragment s in the i¢ﬂm as buah of zone L.
These can be seen with the naked eye in most soils as 21y i whitish

h
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gsoil morphology

peoils:

i

generally about the same depth (12 to 30 cm) as in zone 3 over
the lowlands and outer foothills, but deepening markesdly towards
the dinterdor of the Andean cordillera;

colours definitely darker than in zone 3, being always very dark
brown to black when moist (except in the case of some loessi
and alluvial volecanic ash solils on the terraces near Usorno Lnd
Valdivia cities),where they are less dark brown; and except in
the case of forested topseils decp in the Andes where they may
be very dusky red to very dark reddish brown and somewhat peaty;
thus deep and dark topsoils characteristic of the ando soils
are not common on the lowlands bu% increase 1n frequency towards
the And@an ranges; most of the "indo soil profiles" are somewhat
oumiceouss texturses vary widely, ra g from silt loam (very
COMMON on tnw lowlands plains and downlands)to loamy coarse sands
(mainly in the pumiceous soils of the andean ranges);

structures are generally more clearly defined than in zone 3,
and many of the peds have a declded 'crispness'; granular
structures predominate;
topsoils are usually friable when broken, but often slightly
firm in the mass; they are somewhat more compacted in nature
than those of zone 3, but arc seldom sticky or more than very
slightly plastic; the lower limit of the topsoil is often less
distinet than wes the case with topsoll horizons of zone 3.

mokst subsoll colours range betwsen brown and yellowish brown in
general with some soils showing a slightly redder e, yet
seldom achieves more than strong brown (7.5/R 5/6); in the
interior of the sndes, the whole profile may be dark brown when
moist, with the exception of included pumiceous strata which
are mors usually brownish-yellow to pale yellow;
subsgoils are always stratificd, often very strongly; but in zons
Lit ig less common to find deeper pumlceous strata in a semi-
cemented condition; buried topsoils are not uncommon, and in a
few cases fine charcoal fragments have been noticed in the upper
part of these buried top: 01109 no carbon 14 dating rssults havc
been received yob from this material;
t»xtwruh rangs widely, having an approximate mean texture of
silt loam or loam, in a range of loamy sand to clay loam;
subsoil horizons and layers are fairly firm, and in most
there 1s no very loose and powd@ﬁy upper subsoll horizon
as occurs in many soils of zone 3, and almost all soils of zone
2

2; some degree of stickyness and considerable plasticity is
gvident in all but the most pumicceous subsoil materials;
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i) Puerto Octay silt lcam, and fine sandy loam ppendix profiles No.28

No.29)

This soil is the main trumao > soll in zone L, apart from Osorno
soils. Puerto Octay solls ocour over a strip of “Gmtlv undulating to fDmllH@
land, approximately 200 km in length but in places s than 10 km wid
along the inner 1Jr31n of the lowland plains and t@rr@cas> in the Prov incaS
of Llancguihue, Osorno and Valdivia, It is developed under about 2000 mm
annual rainfail, at elevations between 100 and 300 m.

The profile is wolst under natural conditions and shows:-

=z

em black or very dark brown silt loam or very fine sandy loam, ouite

friable and well structured;

25 em  dark brown, brown, or strong brown silt loam to sandy loam, friable
and rather less closely knit than the surface horizon;

20 om  dark brown or strong brown tending slightly to yellowish red silt
loam, distinectly friable but usually more plastic than the previous
hordizons;

60 em  dark brown or brown silt loam or sandy clay loam, usually fairly
firm to very firmm but often less plastic than the horizon immediately
above:

20 om  dark g bxl}Wi sh brown, strong brown or brownish yellow silty clay loam
to ciayj more friable than last horizon but more plastic,

On. . rather compact subsbratum, distinctly clayey but often gravelly as

well,

The substratum varies considerably in composition, Dib usually is formed

of peri-glacial alluvial materials, with occasional large included angular
boulders.

Farming on these soils 1s mainly a short rotation between dairying or
fattening pastures and arable crops of many kinds, including potatoes, flax,
sugar-beet, oats, rape-seed, and mixed vegetable crops. Nitrogen, potash,
phosphate and boron are frequently applied as soil amendments, and some
farmers usc lime as a regular part of their farm management programme. The
soils are usually slightly acid under natural conditions and many farmed
soils have been brought to a nsar-neubral condition. FProbably not all the
applied fertilizer iu needed to maintain production (except phosphate, which
is certainly very necessary) but farmers are content that thelr fertilige:
programmne does give economic returns, Ferbilizer salesuen are particularly
vigorous in this area. The topsoils remain dark and well floculated under
this cuits intensive form of soil use, and appear to maintain thelr humus

content very well.
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ii) Puerto Fonck wery fine sandy loam, and silt loam (appendix, Nos. 30, 31)

trumac solls with deeper and d&rh@r torsolls

: The erage width of the V ; ;
and Tk@y are &avciop@d on: rather more strongly Follxna ¢%n%ucxpum than Pusrto
Octay soils.: Probably they experience & rainfall of about 2500 mm, and are
nearly always slightly moist +o wet in the natural condition.

rade gradually into Fuerto Octay soils along
Lth
Fay

1elr belt

By

The &vof1lw shows 3

30 cm Very dark brown o black fine sandy loam or slightly peaty silt loam,
friable and well structursd, but neither sticky nor plastics

40 cm very dark vellowlish brown or dark reddish brown leam to fine sandy
loam, usually friable and becoming slightly sticky and plastic;

LO em  dark yellowish brown to yellowlish brown silt loam to loam that may
contain ‘LL fragments of pumice, and is slightly sticky and
moderately plastic as a rule;

80 em  dark 70110w1““ brown sandy or silt
and well ¢ ructured, sticky and pl:

e s substratun of rather gumpb¢+ clay@y g. %c ial ﬂwJquqi or alluvial
materials containing glacial debris C

loam, wsually oulte friable

similar to Puerte Jctay solls but the more strongly
1tage

Farming on these solls i
topwgr&puy imposes some restriction on vroggmng. a higher psrce
of these solls ia maintained in pasture L pasture and sot
under long rotation with arable crops. More m&ts iﬁ grown on these solls
than on Puerto Octay soils and less fertiliszers arc &ppliem as a general rule,
The very dark topsoil colours persist in farmed soils. In general, the field
pH is very slightly lower in Puerto Fonck soils than in Puerto Octay soils.

)

.

iii) Puyehue silt loam (appendix, profile No.32)

Puyehue soils are found ulong the innsr (castern) margin of morny
Puerto Fonck soils, and are dwngopad on very strongly nollnng and hlljy
landforms as & rule..  Mich of this soil is still covered with natural forest,

or with secondary forest and reverted shrubland..

The soll profile shows:i-

4O cm  very dark brown to black friable, well-structured, silt loam that is
slightly sticky and plastic; -

50 cm very dark brown slightly firm silt loam, rather conspicucusly granular
and slightly sticky and plastic; ,

60 cm  very dark brown to brown friable silt loam, well~-strictured, slightly
aﬁi&ky and slight-to-moderatcly plastic, and with an abundance »f fine
black mineral particles;

4O em  dark brown loam, slightly firm but very well structured, neither
sticky nor plastic:




60 cm  dark brown heavy loam, slightly firm, slightly sticky and plastic,
On. . brownish stratified ash beds and shower materials, mainly loams to
clay loams, some distinctly pumiceous.

It is difficult to assess the agricultural potentialities of this soil at

the present time because few long-established farms exist on these soils.

It would appear that many farmers find that they can maintain permancnt
pastures without the use of fertilizers although one would expect that
cloversat least would benefit from applicationsof phosphate., The pH of the
soil is around 6.0 on both farmland and under the natural forest. Relatively
little cropping is carried out on Puyehue soils at the present time, and
yvields are sald to be no worse than on Puerto Fonck soils in the case of oate,
although there is usually some loss of grain due to weather problems during
the harvest ssason.

iv) Choshuenco sandy loam (appendix, profile No. 33)

Choshuenco soils are similar in some respects to Puyehue soils being
generally dark in colour throughout the profile, but they have a more reddish
hue (5YR as against 7.5YR) and more sandy textures. an important compohent
in thelr parent materials is black basaltic and basic andesitic sand ejected
from nearby Choshuenco volcano,

The soll profile showsi—

25 cm very dusky red to black, distinctly peaty, sandy loam that is friable
very well-structured, and neither sticky nor plastic;

20 em  dark reddish brown grading to very dark grayish brown gravelly loany
sand with occasional scoria fragments, rather poorly structured, and
nelther sticky nor plastic,

Un. . repeated layers of fine and coase sandy loam and loamy sand, some
distinctly scoriaceous; general colour dark reddish brown to brown;
seldom more than very slightly sticky or plastic,

Much of this soils is still under the natural forest but where it has been
cleared, excellent spontaneous pastures develop, usually with volunteer
cloverya, 4 few cases were scen where farmers has experimented with
fertilizers on these pastures; there were some noticeable responses to
nitrogen and phosphate, especially clover responses to added phosphate,
Choshuenco soils are found mainly on hilly to wvery strongly rolling relief,
and arc developed under a rainfall of about L4000 mm per annum, - both factors
severely limit soil use to permanent pasture production. Hereford cattle
appear to do especlally well on these soils.
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80 em yellowish brown tightly packed pumice gravel of rather coarse size:

100 cm dark yellowish brown slightly gravelly, heavy sandy loam grading to
coarse sandy clay loam, that is firm but not particularly well-
structured,

On.. alternating beds of coarse and fine pumiccous ash,

@illelhue soils are found only on very strongly rolling to hilly and steer
relief and farming operations are confined to the efforts of small 'Colonia’
farmers and illegal sguatiters. Cleared land is occupled mainly by natural
volunteer pasturcs, clovers and weeds, and these are ploughed up and sown
from time to time in oats and wheat, or potatoes. Fertilizers are not used
on these soils, but phosphate would probably prove beneficlal, even in very
small cuantities. From the evidence available (sece table 4Lb) the base status
is rather low (18%) but the cation exchange capacity is also low and small
amounts of fertilizers would be expected to give a worthwhile response. The
soil pH increases from slightly asid in the topsoil to neutral in the
subsoil,

vii) Pucdn coase sandy loam (appendix profile N».36)

Pucdn soils are developed in much the same tvpe of parent material as
uillelhue soils but at greater distances from the vent from which the
materials originated. They are found on the strongly rolling to rolling
slopes on both sides of the Minetud valley at a distance of about 25 miles
inland from Pucdén. They occur under a rainfall of about 4000 mm per annum,
and were once forested: much of the original forest has now bsen cleared from
these solls,

s Typical profile showsi-

15 em dark reddish brown coarse sandy loam, friable but rather weakly
structursd;

L5 cm wvery dark grayish brown gravelly sandy loam with many small lumps of
pumtce, very friable and poorly struchured;

30 em yellowlish brown fairly tightly packed fine pumice gravel;

50 ¢ strong brown rather compact loamy sand, weakly structured and with
ceceasional very fine pumice fragments,

On. . various pumlceous strata and thin layers of compact sandy clay loam,

Pucdn soils are not well farmed but this is probably due more to the financial
and social situation of the many small farmers than to any shortcomings of

the soil. DBase status analyses (table Lb) show that the soils arc of medium
base saturation (506 in the topsoll), have = low cation exchange capacity, aad
are neutral to slightly alkaline in reaction. Probably nitrogen and
phosphatic fertilizers would give very good results on these solls. The
present manner of soil use is mainly natural pasturage with occasional
cropping in cats and sometimes wheat.



13
-85G

viil) QOsorno very fine sandy loam (appendix profile No. 37)
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Pelchuquin fine sandy loam (ippendix, proiile No. 38)

Pelchuguin soils are in mamy respects similar “o Osorno Soils, being
developed on gently rolling to very slightly undulatiag terrace landforms,
from mixed voleanic ash materdals emplaced partly by alluvial actlon and
partly as windblown loess. They occur under a rather wetter climate (about
2500 mm rainfall per annum) and were originally under roble forest with a
higher proportion of evergresn broadleaf ~ssoclate species,

A typical profile shows (in the moist condition):-

20 cm brown fine sandy loam, friable and well-structured, and slightly
sticky and plastic when moist;

20 cm dark red sendy loam, very friable arnd difficule to wet if dry (this
layer 1s not everywhere “r@gcnt but it is nevertheless sufficiently
common to be considered a typical feature of these soills: it is
prodiced by the baking of the ugper ubsoli material during the
burn ng of the forest residues, - especlally logs, stumps and large
roots);

60 cm dark yellowish brown heawy silt loam to sility clay loam, slightly
firm, well-structured, sticky and moderately-to-strongly plastic;

100 em browr silty clay, very Iirm and very well-structured, moderately
sticky and strongly plastic,

Ona s pale brown cemented siliceous tuff, resting on compact gravelly
alluvial materials,

Jodat 1 are available for these solls, but in many respects they «vo
likely %w resemble Osorno soils {i.e. to be of moderate base status,
slightly acid to me&rwngu%““ L, and with low to m@dﬁum cation @xcb&ngﬂ
capacities)., The lower subsoll horizons, with eir sharply increase ‘
plasticity, are likely to have a fairly high p on of clays oth@r than
allophane, - possibly halloysitic and kaolind

On the whole thes” are very well farmed soils, under a programme which permits
long rotation pastures, usually built up to & good level of productivity

by means of using fertilizers and maintaining a good proportion of clover in
the swards. Wheat and oats arc said to yield well end fertilizer responsc

to be very good. Some very geod dairy pasturcs were secen on these solls.

5, Soil zenest

o4

Comparing £ trumao soils of zone 3 and 4, and v'.th practically no
corroborative evidence yel available from detallec oratory studies, it is
L odifficult to Jjustify the claim that the weathering processe
g with slightly stronger intensi”y in trumac soils of zone L H.x:m

those ol gone 3, It is nearly as difficult to justify “he statement that,
on the whole, they are ,ubgact to stronger leaching intensity as well. The

only morpro oglc&L feature beyong dispute is that the topsolls are more
intensively meleniced in zone 4 and could undisputebly be referred to as

&




lanised!.
> situation is confused by the fact that there have been more {reguent
and morﬁ,rau@nt adaitions of fresh voleanic ash to the soil surface in the
case of nearly lli tuv trumeo (and fladi) soils of zone L. Re arding
accumulation of terials as a soil forming prooeﬁs, these solls

an be characterised moderatcly accurulating soils! as against the
bll ghtly QCCQMUL&LLUﬁ soils of the trumao areas in zone 3. The addition of
this fresh ash to the soil surface is responsible for the superficial !sandy-
ness! of many of the profiles; for the slightly acid or near neutral reaction
of so many of the soils; and analytical data will probably show that most
soils show & build up in topsoil fertility. Simple microscopic observations
confirm that the fresh minerals added to the soil surface appear to be
weathering very rapidly. For example, the thin deposition of fine ash
consisting of light-coloured volcanic glass with abundant plagioclase crystals
that was spread over the landscape near lLake Ranco by the eruption of Carran
peak of the Nilahue volecanic centre in late July, 1955, (awalysmi by Ledn and
Polle, 1956) were re-examined after a lapse of six years. It proved
exceedingly difficult to recognise this formerly ll?bt gray fine sand layer
in the soll itself, but samples were collected from old tree stumps, rock
outerops and from the wrotuctud niches in the branchmforkS of the larger
trees, following the technicue used by Oliver (1931) when he proved that
Taranakl volcano in Nuw Zealand had been in uruptiom gince the start of Maori
occupation of that area. The collected samples of Carran ash were of a dark
gray colour when moist, very humic and sandy loam in textures., Under the
mleroscope they appear to consist almost entirely of porous volcanic glass
in g quite highly weathered state, and no felspar crystals of any kind could
be found. The former cation exchange of this r naterial 1mmagiab@}v after the
eruption was about 3.8 m.e.%; the preagmt capacity is over 60%, although in
part this will be due to the high organic matter content. The material still
contains oh proportion of Xﬁh&ﬂfuiblu cations (principally calcium and
magnesium) but the basc saturation has decreased from 100% to about 65%.
Citric soluble (tavailable!) phosphate which was formerly over 6 ppm has now
decreased to less than 0.0L ppm. On this rather slight evidence, it would
appear tHMt weathering hes indeed becn intensc in the zone and that in a
pericd of six years there has been complete destruction of the plagioclase
f@lgpars} and considerable attack of the voleanic glasses, to produce what
is almost cortain to be amorphous colloidal alumina and silica compounds
and organo-mineral complexes. ‘

A

.

There are some, perhaps slgnificant, differences in profile morphology
between trumao solls of zone 3 and 4. It is not surprising that the subsoil
shrinkage iL ssures are absent or only exceedingly weakly developed in sone L
trumacs; nor is the thin very friable horizon immediately below the topsoil
cons plguoualy developed. There ig the normal range from friability to
firmness in the djff@r@nﬁ horizons and strata, but one gets the additional
distincet impression that the soll materials are more compactly knit togéther
(without being at all uompact) in wone 4 trumaos., This feature may be
connected with a new property appearing in. commection with Jndlvmdu 1 soil
aggregates: in many soils the structural peds are very well formed (né matter
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what size or shape) and for a bricf moment they seem to resist pressure to

& far greater degres than peds from the trumsos of zone 3. This feature
would probably have escaped notice 1f it were not for the fact that it
becomes still more pronounced in the trumaos of zone 5, where it can be secen
at times in its ultimate expression, as o thin ceating of iron oxide around
individual peds. Investigation of this dincipient feature of zone 4 trumaos
lies in the ficld of the micromorphologists, and samples have been sent to
4a Mella, at present in burg to see 1f this feature can be more precisely
characterised by examination of thin soil sections.

Clayskins, clay flows and even pressurs faces are remarkably rare in the
trumao solls of wone L., This observation, addsd te the obssrvations
mentioned above, leads to the possible conclusion that the allophane clay in
these soils is normally in a higher state of hydration, less moblle; and
that the structural cracks in the soll wmaterial are becoming more permanent
and perhaps defined by the development of & very fine silica or iron coating
around the structural peds, Drying out of the soil may be mainly confined
to these structural cracks and not to the whole soil mass, ‘

Ch

A4 feature not brought out clearly in the detailed soil profile descriptions
of the ippendix is that, in the trumao soils of zone 4, there is alrmost
invariably a distinct change in soll colour when the aggregates are crushed
to their ultimate size. & subsoll aggregate that has a surface colour of
5YR 3/4 or 7.5YR 3/2 (i.e. dark reddish brown or dark brown) will

commonly crush to a colour of dark yellow brown (LOYR 4/4). This suggests
that the peds may be coated more with humus colloids than any other
substance, and this agrees with the fact that weathering lumps of pumice
that occur in many of the subsoil strata appear to be guite rich in hunus.
When heated such lumps usually change from yellowlsh brown or brownish yellow
to almost white., There is 1little doubt that considerable amounts of humus
are moving through these soils, and in the absence of the neccssary chemical
data, one may pre-suppose that soil leaching is quite strong and probably
intensified by the organic acids derived from the humic surface horizon.

4. Soil classification

In Chile these soils are regarded as Trumao soils, so far not
specifically differentiated from the central or northern trumac soils. They
are however regarded as a different entity by most farmers.

In the classification outlined in the 7th approximation of the U.S.
Department of Agriculture, they are probably Mollic Umbrandepts.

In the sarlier classification of New Zealand they are Yellow Brown Loams and
Yellow Brown Pumice Loams of various degrees of weathering and leaching, -
but predominantly moderately-to=-strongly weathered and moderately -to—
strongly leached, and strongly melanised, In the recent system of Pohlen
(ibid, 1962), they are probably "strongly enleached alvic loams from mainly
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noderately-to-strongly argillised andesitic and fine rhyolitic ash with
inclusions of moderately enleached subalvic loamy sands from weakly
argillised coarse rhyclitic pumiceous ash',

apart from the rather high »H status of some topsoils, these trumao soils
come closest to the Humi sroup characteristics set down by Kanne

(ibid, 1962) for the Japanecse Volcanic ash soils.

Provisionally, it is sufficient to recognise tl 15 allophanic soils
derived from volcanic ash materials in a zone of fairly strong weathering
with no distinct surmer dry sesason, under strong leaching processes but with
intermittent surface accumilation of fresh volcanic ash, and showing strong
melanisation. In short: strongly melanised, mod ,"r«hw strongly

weathering and leaching, moderately accumulating MWLﬁphWMLL voleanic ash
s0ils of a cool humid environment derived from highly siliceous and
moderately siliceous materials,

I

f) Trumao soils of environmental zone 5o

In this zone trumao scils again app@ar fairly widely dispersed over
the South Chilean landscape, extending in places from the Argentinian border in
the east, to the Pacific shore in the west. The ash mantle is not as complete as
in zone 3 or 4, but considerable patches of ash-derived soils occur on most land-
forms, including the very stecp alopes of the undean ranges. hadi soils are also
developed on some of the poorly drained terrace landscapes but they are not as
extensgive as in zone l.

Vost of the trumao soils of szone 4 are derived from materials deposited directly
on the landsca as subae . volecanic ash in the case of the mainland area, but
on the island of Chiloé, a number of the solls appear to include subsoils
materials, that may be of loessic or alluviel origin. The precise orig of the
soll material of the trumaos on Chziqw Island is still rather confused and will
be discussed at greater lengbh when considering the origin of the Hadi soils.

=

The voleanic ash mantle lies especlally thlckly on the slopes andsan cordillera

in the vicinity of the volcanoes, of which there are about eight occurring within

the zone,  The v>30“vio ash soils of the steep slopes of the andes will be
mforrﬁ& to again in the section on 'steepland soils derived from volcanic ash'.

Soil parent mate rials very fairly widely, but are characteristically somewhat

pumiceous; more sc than in zone 4 and very much more so than in zone 3. DMuy of
the fine ash beds that appear to be chiefly andesitic in nature mmuﬂlly contain
quite large grains of porous siliceous sand

pumice layers fairly common in alsén Province.

I

available for the trumao solls of
availlable,

Umioriumthif there is no
zone 5: nor yet are any base

proximating to fine pumice. Distinct
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Lo HEnvironmental characteristics of the wone

The climatic regime of this zone includes a range of mean annual
precipitation, from about 2000 mm in the west, rising to over 5000 mm in the
central .ndean ranges, and then declining to about 1500 mm over the eastern
side of the s#ndes. No month in the year regularly receives less than 60 mm
and the soils are wore or less continupously malstunder natural conditions,
Between 15 and 20% of the rain falls in the summer; about 30% on the winter,
and the remainder spread fairly scually between the spring and aubumn months,
In some years the spring is distinctly drier than the summesr, Over the
sastern andes, a good deal of the winter precipitation falls as snow, which
may last on the ground for several wesks.

Mean annual temperatures lie between 8°C and 10°C, with mean winter (July)
temperatures ranging from 4°C and 8°C, and mean summer temperatures (January)
between 18°C and 20°C,

Over the western part of the zone the nearest climatic analogue is probably
Westport in the Westland Province of New Zealand; while that of the andean

fiords is probably not unlike the Fiordland climate of New Zealand (Wright,
1952).

In this zone, the deciduous roble (Nothofagus obligua) virtually disappears.
but another deciduous Nothofagus (lenga: N. pumilio) appears on the eastern
andean ranges. Nothofagus antarctica (fiirre) also becomes common in the
eastern limit of the zone, but the dominant trees, ranging over almost the
whole width of the zone are coiglie (Nothofagus dombeyi), Weinmannia
trichosperma, and Laurelia serrata. Canelo (Drimyﬁ wimteri), tepu (Tepualia
stipularis), mafifo (Podocarpus nubigensis), alerce (Fitzroya patagonica) and
Saxegothea conspicua are of more local occurrence, @Quaila and coliglle
(Chusquea spp.) are fairly widespread.

associated non~-trumao soils in this gone include Gley Podzols, Podzols,
Podzolised Gley soils, dAlpine meadow soils, Organic or Dog soils, acid
Brown Forest solls and Humdlc Gley soils: many of these being developed on
rather steep slopes, and hence somewhat lithosolic in form.

2. General soll morphology

Topsoils: - generally betwsen 15 and 25 cm in depth and often distinctly
peaty, with a layer of forest litter or forest peat (mor) in
places where the natural forest ls undlsturbed;

~ colours generally black, very dusky red or very dark brown
when moist; dry colours are seldom seen in nature but soil
dried for laboratory purposes usually shows very dark grayish
brown to dark grayish brown colours; very deep and dark
Andosol-type topscils are comparatively rare;

- topsoil textures are predominantly silt loam, although fine



Subsells:

water in thelr dried condition; aggre

is the marked firmness of the

O
St
i

sandy loams are also gulte common, especially in alsén Province;
structural development 1s everywhere good and very well-defined;
many topsoils have very water-stable aggregates and float on.

tes are often slightly to
strongly reasistent to pressure and have a declded 'orlspness!
when molst;

topsolls are almost invariable friable when molst and quite soft
woen dry; they ¢ 1wmiw>uwmﬁykﬁ%mmygimmu:mm sticky;
the lower limit of the topsoil is usually quite distinct, or
slightly diffuse, buf never abrupt.

subsoil colours are always rather dark, ranging from very dark
brown or dark reddisn vyowp to dark yellowish brown in the moist
condition; dry subsoil colours are only found in nature on
exposed soils of road banks or ditch walls, and are usually brown
or rather dark yellowlsh brown;
subsoils are usunally conspicuously stratified at some point but
buried topsoils are very rare; ths total degree of profile
stratification is less than in wmone kg

textures of subsoll materials are generally rather heavy,
ranging from loam fto clay loam or even silty clay; there are
usually no lovse or powdery (dry) horizons in the profiles, but
the soils are generally easier to dig than many soils of zone A4,
= possibly due to the unusually deep friability of these soils
of zone 5; firm or very firm subsoil;
horizons are seldom encountered within the first metre of depthy;
most subsoll materials are quite sticky and often moderately

(or even strongly) plastic in nature;

structural aggregation 1s well %@V@l@pu&; but the aggregates;
are usually rather finer tuan in zone 43 an additional Lu&iurﬁ
se peds when not excessively moist,
and the presence of thin imwn-oxide coatings around many of
the peds in the lower subsoil hOVlAQﬂM;
distinet bleaching and graying of the upper subsoil materials
occurs in soms s 3, dndicating the inciplent formation of
a very strongly leached (or weakly vodz@l&awﬁ) horizon;

- without exception, subsoil materials are markedly 'greasy'! and

"slippery! when squeezed in the hand;

gsubsoil horizon boundaries are uwumljf diffuse 1f they are due
to acquired characteristics, and often abrupt if they are due
to wLﬂhé LLuudA Aﬁ&l&i@bwkw‘ tie ,gwlinl iVKJ excey .joﬂ cvf ﬁ?wa f@fﬁn&tiorl

and lower limitﬁw
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3, General chemical characteristics

atthe time of writing, chemical data are complctely absent for the
trumao solls of this zone, Neither base status, mineralogical information
of the sand fractions, nor clay determinations are yet to hand.

L.  Characteristics of typical solls

Six of the more typical trumao coils of this zone have been described
in detail in the appendix, . All these solls are derived mainly from sub-
serial volcanic ash of andesitic or rhyolitic nature, but some of the soils
contain strata that have some of the characteristics of volcanic loess in
which the andesitic and rhyolitic features are intermingled. It 1s very
common, in this zone, to find pale brownish to yellowish-white specks of
very finely porous siliceous material extending through one or more of the
subsoil layers. Four of the soils described in detail are from Chiloé
Island; two are from the Province of aisén,

i) Castro silt loam {(appendix, profile No, 39)

Castro soils are developed in the eastern central part of Chiloé
Island on rather strongly rolling landscapes but with some sectors gently
rolling to undulating., They are distinctly stratified soils (see also
Wright, 1958, p. 118) and in most cases the ash beds and shower layers
smoothly follow the present topography in a way that suggests that volcanic
materials of loessic or alluvial origin have played little part in their
formation. The soils are developed under mixed Valdivian coastal forest of
the variant called 'Chiloé Forest! by Pisano (ibid, 1950), in which the more
important trees are Zucryphia cordifolia, Welmmannia trichosperma, and
Laurelia serrata (E.J. Codley, pers. comm., 1959; and Godley, 1960), with
lodal abundance of Nothofagus dombsyi. Mean annual rainfall is slightly over
2000 mm of which 11% falls in the summer and 43% in the winter.

The soil vroiile showsi~-

20 cm very dark brown silt loam, friable, granular and slightly sticky
and plastic. (field pH, 5.0); '

3L cm  similar material but slightly less dark brown and with a medium
subangular blocky structure. (pH, 5.0);

36 om very dark yellowish brown slightly firm loam with well developed
blocky and granular structures. (pH 5.0);

10 em  similar matrix as above but with irregular lumps of an old mud
shower, of paler yellow brown colour, of rather stronger firmess
and which become quite hard when dry. (pH of lumps, 5.3);

LO em  dark yellowish brown slightly firm sandy clay loam with & poorly
developed structure in the mass. (pH 5.3);

70 om dark yellowish brown grading to yellowish brown friable sandy clay
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loam grading to sandy loam of generally weak structure. (pH, 5.3),
One s dark brown somewhat compact gravelly coarse sandy loam.

Castro soils are probably of rather low base status and probably have a

high cation exchange capacity (up fo 50 m.e.%). Many local farmers
regularly apply seaweed or farmyard manure to these soils, and those that
ccan afford 1t also apply phosphate and nitrogen. The soils are used mainly
for potato, and cat crops, with intervals of veoluntesr pasture invasion
between cropping years. The rotation interval is rather short (3 to 4 years)
mainly owing to the economic circumstances of the majority of the farmers.

i1)  Quellén silt loam (appendix, profile No. 40)

Quelldn soils are developed in southeastern Chiloé island on land-
scapes of rolling to strongly rolling reilefl carved mainly out of periglacial
deposits. The ash mantle is about 1.5 to 2 m in thickness, and contains a
large amount of very fine porous siliceous sand. The natural vegetation still
occuplies most of this soil, and consists of forest dominated by Nothofagus
dombeyl, egulvalent to . the 'North-Patagonia Rainforest' of 3Jchmithiisen (1956).
The mean annual rainfall is in the vicinity of 3000 mm, of which about 16%
falls in the summer and 43% in the winter months.

The soil profile shows:—

20 cm black friable and gramular silt loam that is slightly sticky and
plastic when moist. (field pH, 4.8);

30 cm very dark brown slightly firm silt loam with good medium blocky
aggregation and rather firm peds. (pH 5.0);

100 om very dark brown, rather firmer silt loam with much weaker
aggregation, but peds still show crispness when separated. (pH 5.6);

5 em yellowish brown heavy silt loam. (pH 5.9), e
One . compact and cementod glacial materials,

Quelldn soils appear to be of low natural fertility and a considerable amount
of land that has been cleared for farming has subsequently been abandoned.
Only near the coast, where land can be readily dressed with rotting seawsed
and animal manures, has farming persisted with any success, attempts to
manage this soil under permanent voluntesr pastures without fertilizing
artificially has unguestionably iled, and the amount of grazing produced
under these conditions is so low that few farmers bother to repell the
invaslion ol forest secdlings, rushes and introduced wesds such as blackberry
which inevitably occurs on peoorly managed pastures. Probably the catlon
exchange cpacity and phosphate fixing capacity of this soil is so high that
a very heavy capital outlay would be needed to establish farms of adequate
productivity to pay the high costs of maintaining the fertility on these
soils. In view of the prosent difficulties of communications and shipping
farm produce to mainland menufacturing centres, it is doubtful if such a
capltal investment can be justified. The majority of the farmers are little
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more than subsistence farmers, with their main source of income coming from
timber extraction and fishing.

4

1ii) lMafduales silt loam (appendix, profile No. 41)

Mafiivales solls are developed mainly in sisén Province and in parts

5 ”rovij“ under a mean annual rainfall of about 3500 mm,
1ls during the summer and 30% in the wintsr months.
It is a soil of old Lvrrucw romnants and hillside ledges of the main trans—
cordillera valleys, such as th@ Simpson valleys; of small total extent but
with an ash mantle often more than 3 m deep. Most of this material is from
direct subaerial accumulation, but in places there has been considerable
colluvial thickening of the mantle. In general the relief associated with
this soil is strongly rolling., The material is mainly andesitic, but -

pumicecus layers also occur in the subsoil,

A typleal soil profile shows:i-

17 em  wvery dusky red to black slightly firm very strongly structured
gilt loam, often rather peaty;
L4 em dark reddish brown slightly firm strongly structured fine sandy
loam, in which the peds are very crisp;
6 cm  yellowish red pumiceous gravelly sandy loam without structure in
the masgs;
7 om ‘@rk reddish brown friable coarse sand, in part puniceous but
nainly porous siliceous sand grains mixed with many black sand
Q‘“lﬂu;
35 cm reddish brown firm very fine sandy loam grading to silt loam without
ell-~defined structure; .
70 em strong brown grading to yellowish red rather firm, silty clay loam
with a very good structure and with crisp, resistent peds,
One s bouldery terrace gravels

These soils are often farmed in conjunction with the nearby river bottomland,
and are malntained in permanent rough pasture to provide winter- feed when
the river are in flood. They do not appear to be very fertile, since
astures are generally poor and heavily invaded by shrubs and trees, by
rushes and by blackberry. It is anticipated that they will have a rather
low base tgtuuj high base exchange capacity and high phosphate fixing
capacity. No fertilizers are in use at the present time, and it is doubtful
if 1t would be esconomic to do so.

iv)  Puerto Lumas sandy loam (appendix, profile No..42)

Puerto Lumas soils are found in the vicinity of alsén town, and further
to the west and south., They are characterised by the presence of an upper—
mmut Lwy@r of pumiceous volcanic ash which forms the whole of the topsoil



horigon and the upper part of the subsoil. In many places the lower part of
this pumiceous material is weakly cemented, probably by silica., However,

it is not sufficlently cemented to comstltuhn a serious impediment to
drainage. The lower subsoil layers are variably andesitic, and/or rhyolitic
and pumiceous, but of finer grade and much greater ags ﬁh;n the uppermost
materials, Puerto Lumes soils are developed on old terrace lendforms, on
hillside ledges and on floodplain remnants in the Lower Simpson valley, under
rainforest dominated by laurel, tepa, coiglie, etc., with abundant quila;

and under a mean anmial rainfall of about 2800 mm, of which about 20% falls
in the summer and 30% in the winter months,

The soil profile showsi-

18 em very dark reddish brown friable sandy loam with a good granular
structure;

15 em  yellowish brown, rather firm, coarse sandy loam or sandy clay loam,
often weakly cemented in place but will break into regular angular
blocks when displaced;

20 em brown to yellowlsh brown very fim and partially ce

N sand with an abrupt lower boundary;

wWwed coarse

2 cm dark reddish brown layer of coarse sand and fine pumice that is oquite
loose when displaced;
17 em  brown to dark brown firm heavy coarse sandy loam or coarse sandy

clay loam, wall& structured and moderately plastic;

30 om Ltrcng brown to dark yellowish brown, somewhat frisble fine sandy
clay loam, well structured and with very eris peds coated lightly
with iron-oxide and faint indications of a very thin iron pan
developing in about the centre of this horizon,

On. . dense gravelly clay, often with a distinct but thin iron-pan marking
the junction with the horizon above.

Puerto Lumas soils are being fairly successfully farmed in the vicinity of
alsén town, where they are used for dairying with intervals ~f cropping unde
market garden vegetables. Their fertility is probably not high, but it is
expected that they have a maeh lower (perhaps 25 m,@oﬁ) cation exchange
capacity and a higher base status than Mafiiuales soils. Little fertilizing
is carried out on these soils, yvet the proportion of white clover in the
pastures is quite good., They may have some natural phosphate available to
plants, and their overall phosphate fixing capacity may be fairly low.

They are probably, nevertheless, ullkbb}f pl@bph(t@ deficient (and nitrogen
deficient) which would show up strongly if these soils were to be more
intensively farmed. Owing to the slight impedence caused by the cemented
part of the subsoil, pastures tend to become severely invaded by rushes,
and where this has not been controlled some of this soil has gone out of
production. Once heavily invaded by rushes the land is much more difficult
to plough, '




V) Natri peaty fine sandy loam (appendix, profile No.43)

Hatri oOlLb are mainly under thelr natural Nothofagus dombeyl forest,
and only e -loarings have been made alongside the road leading from
Castro towafq Guelldn, in Chiloé island. They are developed on broadly
rolling terraces carved mainly in periglacial alluvial materials consisting
of gravels, sands and clays very Ifirmly compacted and in places cemented,
for this reason, Natri soils occur complexly assoclated with Hadi solls,

gley soils and 1t bogs; the degree of wetness of the situation being
mainly declded by the 1L~anﬂa of the relief., Natri soils are more common
towards the edges of the terrace landforms, where ths slopes are rolling and
drainage is slightly better. The parent materials of the solls are probably
mainly subaerial volcanic adh of both andesitic and rhyolitic origin, but
some locssic and verhaps alluvial materials are also present in the subsoil
layers.

A typical profile showssi-

15 em dusky red forest psat, very fibrous (mor)

15 an  dark reddish brown, rather compact fine sandy clay loam with many
iron~oxide depositions in old root channels, but well-structured and
with crisp peds;

13 cm  dark reddish brown very firm, almost compact, very strongly structured

fine sandy clay loam, the larger prisms and blocks are strongly coate
with ilron-oxide and the u@bmfl@i.lg.wdxu ahely plastic;

L7 cm  reddish brown slightly firwm silty clay with a very strongly developed
structure but not so cozrse as in the last horlszon, peds very firm and
thickly coated with iron-oxide, to the cxtent that almost a ilron-oxide
latticework is formed in the soll;

25 cm  dark brown to strong brown faintly mottled sandy clay loam, friable
and with a weak structure,

Ora s coarse gravels and sands cemented wibth iron-oxide, manganese, and

"~ probably silica; the iron-pan is up to 0.5 cm in td}@kﬂb s in places,
and usvally . »rme e continuous sheet.

It to farm on account of thelr undoubtsd
very low fertility. The present farmers are finding it difficult to make a
living even while they are farming mainly on the accwnulated forest litter
fertility; and without very skillful menagement, abundant rapital and heavy
regular application of fertilizers (mainly phosphate and nitrogen, but

Natri soils are proving very difficu

perhaps also l&mw and potash) these farming ventures will undoubtedly
collapsed. Family incomes are at present augmented by sale of timber and

by engaging for work on road construction. There is no indication, in the
present situation, th*t farming will prosper on these soils, and the land
is far better left in forest to swell the timber resources of the Nation.
Deliberate d@&tructlom of the forest on these solls to make widy for farm
developments is a wilful waste of the natural resources of the region.
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vi) Chepu very fine sandy loam (nppendix, profile No. 4k)

Chepu soils are commonly found in asscciation with Castro soils in
the western~central parts of Chiloé Island. They are developed in places

whers the ash beds are slightly more sandy and where the forest has a high
proportion of strong mor-forming (i.e. surface-peat building) species, -

particularly Podocarpus sp., Saxegothea sp. and Welnmanrnia frichosperma.

The Chepu soil profile is thus seldom continuous over a very wide area,
occurring mainly in patches corresponding to the composition of the forest
canopy, and the intervening soils have profiles more reminiscent of Castro
solls, The Chepu profile thus arises mainly as & result of the conditioning
power of the vegetation. These soils were first described by Wwright and
Funes (see Wright, 1958) and are very similar in origin to some soils of the
South Island, New Zealand (Wright, 1951; 1959).

Chepu soils are developed on rolling to undulating reliefl; under mixed ever—
green forest dominated by Laurelia, Bucryphia, with local abundance of
N@lnm%nnlﬁj asxtoxlcum, and occasional stands of Podocarpus and Saxegothea;
and uﬂd@f a rainfall of about 2750 mm per annum with up to 25% falling in
the summer months.

The soll profile shows:—

5 om dusky red fibrous loanmy peat;
20 om black, distinctly peaty, fine sandy 10wm, friable and with very
strong and coarse structurss;
10 om pinkish gray slightly firm, well-structured very fine Qundv loam;
0.3 e very thin discontinuous iron-humus pan that forms & distinct

coating mmmdt@}mm,

35 em  strong brown grading to dark yellowish brown heavy silt loam
grading to light silty clay loam, friable-and rether weakly
htructulvis

20 om yellowlsh brown slightly firm silty clay loam with weak
structures but moderate plasticity,

On. « reddish yellow partially cemented loamy sand, resting on gravels

@mbaddvA in heavy clay,

Chepu soils thus show distinct signs of very strong leaching which has
progressed to the stoge where the profile shows signs of podzolisation.

No cheaemical da yet available for these soils, but it may be
anticipated that they will be of low base status, and somewhat deficient in
most plant nutrients. They are likely to have moderate to high cation
exchang c&pacicjca, and & fairly high r&ﬁ@ of phosphate filxation. In
their morphology, they somewhat resemble the Te~Rau-Moa silt loam of New
Zealand; and the latter soils are known fo respond to’ phosphate, linme,
nitrogen and several minor Llu@dﬂﬁaa Taylor (193515 for example, report:
the appearance of definite podzol characteristics in some soils derived
from &ndmbLtl volecanic ash in New Zealand.

}v
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Farming on Chepu soils is cle: more difficult than on Castro secils; crop
yields are low once the stored fertility of the natural forest topsoil is
exhausted, and most of the Chepu soills are either occupied by run-out
pastureland, or are abandoned to invading forest species, or are still under
their original forest. Much of the farm income comes from exploitation of
the timber trees and fence-post splitting from smaller trees, in the patches
of forest still remaining on the land. Chepu soils wuld be brought into

& fairly Ligh level of agricultural production, but the cost is likely to be
far bsyond the finand al means of the present farmers.

5y Soll genesis

although chemical and physical data for the trumao soils of zone 5 is
completely lacking at present, there is little doubt about the genesis of

these sodls: practically all the trumac solls of this zone show very clearly
the effects of strong lsaching processes.

The intensity of the weathering processes are expected to be little different
from that in the solls of zmone 4, -~ 1.6¢. ‘'modérate-~to~strong!, but it would
appear that addition of fresh volcanic ash to the soil surface has been muach
less frequent in zone 5 than in zone 4, and so the majority of the surface
sodil materdial is rathsr older than that of the zone 4 trumaos. Zons 5
trumacs are very weakly accumulating solls, and certainly there has been no
important addition of volcanic ash in recent years:

Zone 5 trumaos are all very strongly melanised, but the nature of the
melanisation is perhaps rather different, being composed of humic compounds
of a very dark reddish colour. In wmost seoils under natural conditions, the
forest residues accuwmlate slowly and bulld uwp a layer of acid 'mor', or
forest peat, on the soll surface; and from this layer the percolating
rainwater plcks up strong organic acids and other complex humic compounds
which find thelr way down the soil profile,

Subscils are normally very moist in their natural state and there is probably
a sharp contrast in chemical and physical conditions between the soll’
material adjacent to the structural channels and that of the interior of the
soil aggregates., The appearance of the subsoils in drying road banks shows
that the subsoil material has considerable capacity for shrinkage. It is
possible that ths soil aggregates are composed of much more hydrated
allophans clay towards their centre; and around their periphery, in the
vicinity of the structural fissures, reactions with percolating organic
compounds produces a more floculated type of clay, giving the particular
sensation of crispness to the peds which is characteristic of all these soills.
In cases where deposition of iron-oxide occurs in the subsoil, this appears
first as a very thin venecer around the peds; in some cases thickening until
almost a latticework of very thin iron-pan forms throughout a particular
subsoil horizon; but in other cases the iron accumulation has a more
pronounced linear arrangement’ and gives rise to a more normal iron-pan,
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Hleached 'ap! horizons and gleyed or mottled 'B' horizons are by no means
common, but they do appear as incipient features in the more siliceous of
these trumac soils., They arc far more common in the associated fladl soils
of this zone.

Distinct clayskins or clay flows have never been recorded in the btrums
solls of this zone; nor does distinet clay illuviation occur. The increasing
heaviness ol texture with incrsasing depth that occurs in many profiles is
due to the greater age of the lower subsoll layers, and is probably due to
the gradual change of amorphous allophane to crypto-crystalline and
crystalline forms of clay. In some subsoils, waxy gibbsitic-looking nodules
have been recovered from these subsoll layers showing heavier textures and
moderate or strong plasticity. analyses of these (Birrell, pers. comm.

1962) show that they are almost 100% gibbsite.

6., Soil classification

The trumao soils of zone 5 have not been greatly studied in Chile., They
are recognised, In a general way, as being solls closely related to the more
typical Trumaos of the rest of Chile, and are often spoken of as Trumao-hadi
intergrading soils., In Westsrn Chiloé, Hoberts and Diaz (ibid, 1959)
include them with the Podzol-ilpine Meadow group, Roberts (Rﬂb@rtﬁ, et, al.,
1958) mentions their relationship to the Brown Latosols and Reddish Brown
Lateritic soils. .

In the 7th approximation (ibid; 1960) these soil appear to lie between the
Mollic Umbrandepts and the Mollic Durandepts, but their true position is
rather obscure, ‘
In the earlier classifications of New Zealand, they would mainly be regarded
as strongly leached Yellow Brown Loams (New Zealand Soil Bureau, 1954). In
the classification of Pohlen (ibid, 1962) they would probably be regarded as
mainly "very strongly enleached alvic and podi-alvic soils",

It is doubtful whether the majority of these soils fall within the limits
set by Kanno (ibid, 1962) for the Humic Allophane soils of Japan; they are
agld enough but lack many of the morphological features that he describes
for the soils of this group.

Provisionally it is sufficient to recognise them as allophanic soils derived
from volcanic ash materials in a zone of fairly strong weathering with no
distinct summer dry scason, developed under very strong leaching intensity
(im part conditioned by the mor-forming plant cover), and showing very strong
melanisation., Or, put another way: 'very strongly melanised, very strmngly
leached, modsrate-to-strongly weathered allophanic volcanic ash soils of cool,
humid environments, derived from moderately to highly siliceous materials!.
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nental zone 6

Trumao soi ils of

gly wsathered soils
derived from volcanic ash, and, i wile, these soils are only found in a
very small arsca aster Le

1. HEnvironmental characteristics of the zone

as, scorda and tufl beds

la

Haster Islond consiste mainly of

(Chubb, 1933)., There are three distinct main wolcanic vents, and these
form the cones at i h(wb apices of the nTluﬁgU]mT island. The softer
tuffaceous rocks > old cones have been cliffed by the sea to
form high, blunt promoxwwiavnj and the trade winds stricking against these
clif Les upwards a large guantlity of ercded volcanic minsrals, some
of which is later depogited on the landscape of the igland., In addition to
thi” source of finely divided volecanic material , there is a ﬂcmgjdmrablw

amount of much older volcanic ash wmixed with the scorda of the wolcanic cones.
Since this finely divided material weathers very rapidly in bhlﬁ environment ,
it ds offten very difficult to distinguist clearly the soll components derived
Trom volcanic loess and volcanic ash; and to distinguish either from the
normaxl weathering products of the more substantial tuff beds and lavas.

Nevertheless, it is considered (Wright and Diaz, 1963, in press) that
allophanic volecanic asl SQllS derived from volecanic ash are present on the

ised as such. The solls named Rano Ka 20, Vinapu and
ina) are of this typem

island and can be reco
Poike (and perhaps Kani

The climati o of Faster Island is practicall
designates it as 'tropical'; Skottsberg (}} D) calls it an 'oceanic warm
cmperate climate dominsted by trade winds' and Heyerdahl (1961) sums it up
as a failrly eguable semi-troplcal climate. It is certainly a very warm,
vmd@f&%uly bl d climate, not unlike that of Raoul Island in the Kermadec
rehipelago (Wright and Metson, 1959). Mean annual rainfall is about 1200
nm, rather evenly distribulted through the year., «lr temperatures are of the
order of 20°C, with a narrow range between mean nmaximun air temperatures
(24°C) and mean minimum temperatures (17°C). mVupOr@tloﬁ rates are,
however, very high, and m half %h@ total rainfall is evapora tcd 300N
after it has been receive goll temperatures are, on the whole, rather
high, (23°C). TFrom severe druu“hi conditlons have been
recorded, lasting seve

ally %rop163l Knoche (1913)

The natural plant cover of the island was probably never more than grassland
with p“icuua occupied by low trees of Sophora toromiro. Skottsberg (ibid,

p. 492) suggests that the poverty of the p]dnt cover was due to Lhe extreme
isolation of the dsland, and that the original V@g@t&tiom probably consisted
of a park-like savarna with oc 0¢o¢onwl g?m ¢s of trees and shrubs in sheltered
depressions and on the low slopes of the hills., The present vegetation is
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mainly Sporobelus grassland, and the isle rather dreary, barren

aspect,

associated non~brumac solls on the island are rather difficult to classify,
They appear to be somewhet simllar to some of the younger latosolic.solls
of Western Samoa (Wright, ibid, 1963).

2, GCeneral soil morpholog

i

colours are nmainly brown to reddish brown, bemming more

strongly red when ‘there is admixture with scoria;

~ textures are commonly fine sandy loam, with heavier textures
appearing when there is admixture with scoria;

- topsoil depth is usuvally less than 25 omg

-~ congistence and structure vary rather widely, buﬁ the topsolls
are usually somewhat frisble, usually quite well-structured and
31ighf?v aticky and plastic when molst;

~ the ¢Oer topsoll boundary is often not very u¢ubant.

Topsoils:

Subsoils: - colours are mainly reddish-brown to red;
-~ Lextures are falrly heavy, ranging from clay loam to clar;
- the subsoils are not distinectly stratified as a rule, but
two or three distinct soil boundaries can usually be seen:
- the upper part of the subsoll may be friable but [lrmness
appears with increasing depth; stickyness and plasticity also
increase with depth. '

3. General chemlical characteristics

L large amount of the essential data conceming the chemical -
riatics of the trumao soils of zone 6 is still lacking. That which
available is shdwn in tables 8a, &b and 8c.

The fusion analyses refer to the whole soil and not only to the clay fraction,
and therefore they are not comparable with the data presented in tables 1 to
L. They do however show that the silica/zlumina ratios are low. Cation
exchangs capdceltles are medium to nigh, and the easily extractable phosphate
is very IQW‘Jnuced, suggesting that a cnsiderable amount of allophane may

be present in these soils.

The total and exchangeable calcium and magnesium is very low, and the
percentage base saturation is likely to bes very low; field pH figures for
Poike silty clay i@am,aub"oilﬁ are usually less than 5.0 (3.0. moderately

to ubI@ﬁQﬂX’&Cid) and few field pH tests showsd any of the soils to be
better than moderately acid. Organic matter content is medium to low;
probably very low in many of the soils, Of the minor elements present, there
is an almost complete lack of barium and strontium, while molybdenun,
chromium, and poggibly also zinc and boron (Wells, pers. comm., 1962) are
likely to be low in these soils.



The chamical data se far available thus indicates soils that are very
strongly leached, and clav fractions that probably have o significant amount
of allophane in their composition.

Le Characteristics of typlcal seoils

Three of these allophanic volcanic ash solls are described in full in
the appendix. They represent soils from scoriaceous materials with varying
amounts of more recent fine ash material deposited on the soll surface. The
Rano Kao profile has about 25 cm of this youngsr, probably loessic, dust in
the upper part of the profile; the Vinapu soil has ncarly 70 cm of material
of similar origin over the weathering scoria; while the Poike soil described
has little distinguishable recent dust but probably incorporates considerable
amount of volcanic ash material amongst the soil which is in part derived
from andesitic tufl,

i) Rano Kao heavy fine sandy loam (appendix, profilc No. 45)

Rano Keo soils are developed on the western planeze slopes of Rano Kao
volcano at altitudes ranging from about 20 m to over 300 m. They have a
general slope of between 6° and 14°, and were probably originally developed
under a light scrub forested of Sophora and under grassland.

The soil profile shows:i—

2 brown to reddish brown (moist) hsavy fine sandy loam, slightly

firm ard quite well-structured. (pH 5.9);

L0 em  reddish brown (moist) very friable clay loarm, not well structured
in the mass, but breaking readily to very fine granules and crumbs.,

(pH 5.8); ~

90 e¢m red (moist) firm silty clay with a weak structure but strong
plasticity. (pi 5.8);

On.. red silty clay with lumps of weathering scoria.

S0t
¥
and

Y

Rano Kao soils have been used for growing maize with some success but the
intervals between crops would probably have to be rather long if not
fertilizers are used. Field trials (Schanz, pers. comm., 1962) suggest
that these soils are very responsive to phosphate, and may also be
-gsponsive to small dressings of molybdenum in the case of leguminous crops
like alfalfa,

g.J:
F.Jx

) Vinapu.very fine sandy loam (4ppendix, profile No. 46)

Vinapu soils are found on the lower northeastern slopes of Rano Kao
volcano, and are deep friable soils long used for maize cropping by the
islanders., They appsar to be formed mainly by the accumulation of losssic

2
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materizls blown by the trade winds form the adjacent cliffs. They occur at
altitudes ranging from about 20 m to about 200 m, and were probably
originally covered with natural grassland. Their relief is gently sloping
to strongly sloping, with an average slope of about 7°.

The soll profile shows:-

28 cm dark brown to brown (moist) friable very fine sandy loam with no
recognisable structurs in the mass. (pH 5.4);

4O cm  dark brown to dark reddish brown (moist) very friable sandy clay
loam with no recognisble structure in the mass obub crumbling very
readily to granules and crumbs, and containing some carbon fragments
at about the 50 cm level (pH 5.6);

70 cm reddish brown (moist) friable clay loam, alsoc rather structureless
in the mass but breaking to gramules. (pH 5.7),

On.. reddish brown (moist) firm silty clay with strongly developed
structures, (pH 5.8).

Vinapu soils have been rather heavily cropped with maize in the past and are
now showing distinct signs of impoverishment. Small scale fertilizer trials
with N-P~K treatments have shown that these scils respond well to all three
fertilizers singly and in combination and, in addition, some response was
shown by clovers to molybdenum in very small cuantities,

iii) Poike silty clay loam

Poike soils are developed on the broad planeze slopss of Mt, Poike at
the castern apex of Baster Island, above the sheer cliffs of Poike peninsula.
The general landscape is undulating to rolling, with a general slope towards
the cliff top of about 8° to 14°., The altitudinal range of these soils is
from abcut 60 m to 200 m. The soils are almost certainly formed mainly from
volcanic loess blown from the cliff face, but the Junction between this
material and the older soils derived from andesitic tuff and older subaerial
ash deposits is very difficult to detect in the soil profile. The original
plant cover of Poike soils was p0851bly Sophora woodland, but more likely
was natural grasslanda

The soil-profile shows ;~

30 cm dark brown (moist) rather fimm silty clay loam with a well-
developed structure. (pH 5.1);

35 cm brown (moist) friable silty clay, of rather weak structurs.
pH, 5»O>:

50 cm reddish brown (moist) silty clay, slightly compact in place but
friable when displaced and with a well-developed structurs (pH, 4.9);

35 cm yellowish red (moist) rather firm silty clay with poorly developed

h structure. (pH 4.8),

yellowish red silty clay with weathering tuff fragments.
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Poike soils are used only for grazing purposes and there is little to

indicats what their fertility status might be. No chemical data are yet
available and one small field trial with fertilizers was affected by a

severe drought soon after it was laid down. The indications are that these
soils are of rather low base status, and particularly low in phosphate. It

is expocted that further analyses will show that Poike soils have considerable
allophane in their clay content, have a high catlon exchange capacity, low
total exchangeable bases and base saturation, and high phosphate fixing
capacity.

5. 30il genesis

The genesis of the great stone monoliths on Kaster Island is not nearly
as mystericus as the gsnesis of the soils of the island.

It is difficult to explain the gensral condition of the soll on the basis
of the current environment of the island: the soils are far more leached
and rather less weathered than one would expect from comparison with soils
from similar parent materials developing under the same kind of environ-
mental conditions in other parts of the world.

This comment is valid for all the island soils (see also Wright and Diaz,
1963, in press), but is particularly true for those soils that are regarded
as being allophanic in nature. There have certainly been no recent volcanic
e¢ruptions on the island, and probably none during many thousands of yearc,
The landforms arec guite old and therefore the majority of the soils should
be very. strongly weathsred.

The subsoil matcrials are indsed strongly weathered, but many topsoils show
textures that are but 1little heavier than loams. In part this is probably due
to the steady accumulation of loess-size dust derived from the abrasive
action of the trade winds against the lohg and steep cliff slopes, but in
part may be dus to the almost irreversible drying out of part of the clay
fraction during the short but severe ‘rought periods that are experienced on
the island, Casual inspection of the il material under 2 field microscops
shows very little unweathered minsral satter apart from a considerable amount
of magnetite and some very minute iron-oxide aggregations. In this, they

are reminiscent of the Hakupu loams of Niue Island (Wright, 1963, in press)
which are also beliecved to be mainly of volcanic ash origin with some
admixture of deep-sea sedimentary material: the apparent 'loamyness' of the
topsoll may not be indicative of the stage of weathering.

The base exchange capacities of these soils are medium to high, This taken
in conjunction with the evidence of very low phosphate availability, the high
cation capacity does suggest that significant amounts of allophane may be
present, The clay fraction is éxpected to consist of some allophane with



perhape a fairly high proportion of crystalline clay minerals, including
finely aggregated gibbsite and iron-~oxides., The proportion of iron-oxide in
A

&

the total fusion un“lyﬂas of the soil i¢ about scual to the total alumi

,}

a feature which does not appear in any of the trumac soils of the other
environmeéntal zones

The degree of leaching is considerably out of step with the present
environment, but two factors may be contributing to this. In the first
place the enviromment is one well sulted to forest growth, yet because of
its isolation, & forest cover his never appeared on these soils. The cyclic
of plant nuhri@ntﬁ has always been m

mimly in the hands of grass plants,

Moreover, it has been the lalwﬂu custom for many centurdes for the islanders
to burn these na tu"?“ pastures (sec also Lisjanski, 1812; Beechey, 1831),
with a resultant conversion of minerals into highly soluble forms that are

sily leached asway.,

relatively e:

6. Soil clasgificatio

Chilean pedologists, having little opportunity to work with soils
developing under tropical conditions, have wisely refrained from trying to
classify the soils of Zaster ILsland, The more allopharie of Lthese soils are
recognised as being in some way distantly ated to the Trumso soils of
the malnland, but h@r s goent.

In the 7th approximation (ibid, 1960) the soils appear to lie somewhere

between Unbrandepts and Ustox lacking a dark horizon, but much nearer to the
3

former group than the latter.

In the earlier New Zcaland classification they might be regarded as very
strongly weathered, very strongly lecched Ygxiow Brown Loams; and in the
latest classification of Pohlen (ibid, 1962), as tvery strongly enleached,
alvic loams from strongly argillised andesitic ash'.

In the weantime it is probably adequate to design these soils as very
strongly leached, very strongly weathered, weak-to-moderately grass-
melanised allophanic volcanic ash soils d\v :loped under a warm, humid but
intermittently dry envirorment.
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1.  Brvirormental characteristics of wmadi soils

"Nadi" is an araucanian word implying rather specific dxalnagc conditions
in the landscape ! used to indicate land that was swampy but with a
firm subasurfa table with care. In south-central Chile,
between latitw OO 3, "adi" aveas invaritable supported a

ce bral

o and Aﬁ

forest cover: different aboriginal words were used for reed and rush-covered
swamps, and for land that was not transitable when wet. Thus the original

meaning of Miadi" was a broad scological concept that implied poor drainage
£ § & &

conditions , subdued relief, dense forest cover andfim ground at no great
depth below the surface. The word carries no specific implication of
connection with volcanic &sh, y@t it is a fact that the "fladi' condition of
the landscape, in the conce the Arauvcanians, came into existence solely
as the result of the @@po@tulon oi a mantle of VUlcanjc ash on the landscape,
The superficial layers of volcanic ash accept rainwater to the point where
they become saturated, and since the hard cemented substratum greatly restricts
vertical drainage, the mantle of volcanic ash remains web and 'swampy' until
rainfa

11 decreases to the point where lateral drainage can cope with the input
Of water, aAgronomists and fe%ojoploto recognise "Hadi' soils as being
asonally swampy soils since this is.the condition which is most apparent

when the land .is cleared for farming, { CORFC, 1961).

"hedl" conditions first appear at about latitude 38°30'3, on broad floodplain
remnants in the Irovince of Cautin, and occur with increasing frecuency in
the adjacent southern Provinces of Valdivia and Osorno, until about latitude
41°001S, any transect across Llanquihue Province from the coastline to the
Andean cordillera shows more bhan 50k of the lowland landscape occupied by
"Hadi" conditions. (Fig.13). f“d&mmgigs oceupy most of bhe flattish to
undulating part of the lardscape. They occur in association with better—
drained soils derived from volcanic ash (Trumao soils) which occupy the more
strongly undulating“ rolling and hilly parts of the landscape:; and are also

in association with small areas of permanently wet soils in lowerlaying
depressions withoul adecuate egress for surface waters. In the southern half
of the Province of Llanquihue, where the rainfall frequently exceeds 2000 mm
per annum, excessive accumulation of acid forest litter prOdub&u a distinct
peaty topsoil in many of the 10b&LT{MH° with Nadi soils. 5till further to the
south, on Chiloé T~.an@ (in about latitude 42°00'S) peaty topsoil conditions
become a general feature of all Mmdi solls in their natural state, In about
latitude AQ”)S’ow‘n@ar Mocopulli on Chiloé Island, in some of the flatier low-
lands areas some Wadi soils begin to show marked peat accumalation, and the
forest vegetation becomes replaced by sedge commnities, by Gleichenia -
Pernettya — Baccharis dSSOCl&tLOMUp scattered Donatia cushions and with typlcal
wet bog specles such as uvhagmamg Tetroncium and Marsippospermum. In the
axtreme gouth of Chiloé& 1, the distinctive pattern of the "fadis" become
lost, - completely submerged in the 'north-patagonian rainforest! (Schmithusen,
1956) dominated by Nothofagus dombeyi. In this latitude, (i.e. at about

)




Lley 1t 1s no longer possible
25 sinece, with a rainfall in excsss

vu& %hw y@ﬂrb Lll the soils in
11 at all 5

43°00'3) the'fiadi' concept is no longer @xp
to ddentify specific L '
of 3000 mm per anmum evenly distributed throu
the landscape are characterised by abundant |

a

lnub where they flrst patches of Mladl? are
cons sometiting d]}iwrdli ‘ %'w landscape; in the ntre of

the dominant Cthe ;@nubCuuaﬁ and at their
t

iﬂ“lf erboﬁ th
Lagappear bmﬁwutq peat bogs and cool -

southern 1imit they di
humid rainforest. Throughout this climatic range, no ﬁimg;* L
dominant trees vary

be said to be characteristic of "fladi® vegetation, and t
from north to south, and also vary with local soil conditions. By comparison
with surrounding forest communities, the "fadi' forests are, however

conspicuous for a preponderance of plants with xvruz&LWQu“ s@&rxcn@riv

tics.

The "fladi" flora is rich "in Myrtaceae, Lricaceas, Berberidaceac, Juncacesze
and Cyperaceae. The general aspect is of a stunted thicket, lvluLqulv densea,

with a very dense herbaceous lower stratum of an abun 1ancs of
aespecially sphagnum, and fernst (Ldifl gUST , 19&3) A ¢ ol the
"Hadi" forests 1s the kaf”hv S}LlLQWH&nQ of the root systems of the trees
(pwcies Coumomly foun\ in dei ve tion include DIA%J' winteri (*canulo’)}
fimbo thrium coceineun (teiruclillo!), Ovidia
llo (yvl lowpllio )y Aristotelia Phll“ﬂ is (’maaui’)ﬁ Lomatia
fvrfugine? (' fuing 21}, Lomatia obligua : wrbpr s buxifolia
(tcalafate'!), 2 chillensis, Verbena cos
i "”lioﬂ Oldenla ,
: = Ty mut sor.etilme
are such Hgmulvﬁ as Myr@muov)f- planipes ('pa
i ( pitral), I ("luma'), Podocarpus
conayiom&, P *rod rdron uviferum, Guevina
erMiLm]i@ (tulmo'), Desfontainea spinosa
)) rneimmarnia trichosperma, ote., In

Juricus 1 : ;
of great local
valdiviana! )) I
wbigensis &’m@ulo
avellano ('avellan
(ttaicue!), Fif

many arcas, the thof 8% colder situatlions lavour
N. >nfjr»f¢vw ( Jltu@tiona favour ., nitida, while
N. pumilio ('lenga igle!) are more common in the cooler
and higher rainfall areas. Be reen ruuFuQ “ontt and Laeke Llancuihue there
formerly existed an area of ominated by very large fitarova
trees,

Towards v dmit of the “ﬁgdi&” an &nmugl rainfall lies

betn two wonths with less than 100 mm; but
i NﬁﬁﬁiilvV@lO$MUﬁItg the mean anmal

i with no months in the ar

P*iuﬁlii ij' between | wn and over quu i
with less fngn 100 e In ﬁhi“ ;wbt«r ZONG precipitation during the thres
winter wmonths 1000 mn the whole range of the "ladish,
the mean annual between lO“Q and 12°C, The warmest “onth
(JamuaP”; lies and 17.5°C; while the coldest mont (Juky)
lies within the ¥ : Almeyda ., 1958). Cloud cover av
60% over the yes - to Papadakis (1961), annual cve
lics between 25 and 50 cm per annum, so that the excess pr@aiyit&tiom
theoretically avallable for leaching through the soil is in  the

ration




range of 175 to 220 cm per ummum* No actual evaporimeter data are avallable
for the region of the "fadis", but field cbservations suggest that in
cages the removal of the forest results in the soil conditions becoming
wetter than formerly, and hence water lost by direct transpiration me
siderably exceed that lost by direct svaporation.

COLm-

in by consldering the origin of the typical
Landforms e solls, and the probebly menner of emplacement
of the volcanic andscape, Recent drilling by p@tfol@um explor
tion groups has shown bh<t the shape of the bottom of this sector of the gy
Central Vale of Chile varies markedly. Usually Lhe be urwck is micaschist
this is covered with from 100 ft to over 4000 ft of sediments, mainly se
and gravelly. The uppermost part of this filling materiel is clearly of glacial
origin (Weischet, 1958), and the fladis occur on flattish to very gently undulat-
ing landforms between morainic debris. There is @Vldem0@ to suggest that the
parent materials of the wadi soils were emplaced subsequent to the last glacia-
tion; although buried WNadi-like soils, probably dating from earlier glacial
periods, have also been found.

kny study of b@dl 507

Hot all Nadi soils are assocliated with glaciated landscapes. Those of the
northern sector (e,g. Petrufquen soils) are found on old terrace landforms,
while some of those in Chiloé Island are also associated with terrace formations
and even with local lacustrine deposits. None of these lendscapes are likely
to be older than the ultimate glaclation.

The stratigraphic colurm of Nadi soils is much abbreviated as compared with
adjacent Trumao soils on more strongly rolling landforms, and there is usually
no recognisable correlation of the stratigraphic sequence between the latter
soils and Nadi soils in the vicinity. There is also the problem of the method
of deposition of the OT'gLﬁd] voleasnic materials. Usually the material is Iree

of stones and el, although on Chiloé Island, wadi subsoils often contaln
very fine rounded quartz pebbles, especlally common in u%x lower horizons., In
Chiloé, it is easy to think of the soil materials as emplaced by wat@r,
vet, apart from the fine rounded gravels there are no uLLJr indications of
their possible alluvial Ofifih¢ Moreover, the materials usually show a mctcbl@

thickening towards the edge of the t@}jm@w (b@@ t';ﬂ lj) wnlah is diff 1oult
contrive solely by deposition from watury 1

when there are several leveis ol bLerrace mll &ppdrmwtlv covered with th
kind of ash deposition and more or 1@“5 FOL owing a common patbern of strati-
fication,

& more feasible explanation is that the soil parent materials was probaebly
deposited meinly in the form of "loess” rich in volcanic glasses, on the wide
outwash plains of a periglacial zone. The presence of occasional rounded
fine quartz pebbles in the material may indicabe nothing more than the force
of the wind, and the probability that the land wrfwcb was periodically frozen
allowing the p e r011 for some distance. The scource of thesc 8
is never far distant: they are usually to be found in the sandy morainic depo-
sits of the vicinity. & few cases have becn noted where these pebbles have

clearly been resorted by very local water movements, and this alﬁo is entirely
feasible in a frozen landscape subject to pericdic thewing and even solifluction,
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Fragments of older Nedi-like soils, some very rich in organic matter (e
haps containing valuable pollen rumgiws), are oo ionally preserved in
ash beds included in moW¢lm1c debris. Comented ash beds of this type are thought
to represent ash 5 thct fell on the glacler surface, gradually becoming
incorporated in tacial dce. \ subsequently rekosed wher '}b
glucier@ rety ;mt@d (apparently by >111w

of calcium and 1
present in the wloc uW 1cw
patches of frozen s0il
advancing snout of the
lost glecd wmich
morainic materials of b
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well preserved t to re-construct thelr origin
(some are inverted e Y right-angles to their ori; ~
and to find the thin iren-pen of the origiy ‘J‘ horivon still intact.
such relicts are not =i fossil voleorde ash solls, bub are clearly fossi
wadi soils. They deserve much greater lnvcstig&tLOP than they have had up to
the present time. 5till older ﬁ@jla ars “r@acrved in cemented ash metorizls
sociated with the second gl vy must represent fossil remnants
of the landscape that exis fir@t interglacial period, and are
gvern, more worthy of study.

pre~glacial land surface by
. are not so common in the
a w@l tively minor one, but are very common in
3 wedation.  Thus, still cemented in
g, we can still find soils dating frono
‘ fossll soils ¢
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2. General morphology of adi soils

It is by no means easy to decide upon the critical general morphological
characteristics of Hadi g to tho rather wide variation of the more
conspileuous profile features, Most of the more conspicuous features are
inherited characteristics, - the nature and arrangement of the various
depositional strata, - and are hence not admissable as general morphological

~characterdstics. However, ilrrespe sring, all fadi
soils display:

M

-~ very dark coloured topsoils,

- & change in colour towards yellowish brown (ranging from dark yellowist
brown to strong brown) at some point in the subsoils,

- an abrupt change from yellowish colours to rather pale brown or gray or
reddish brown somewhere in the lower subsoil,

~ rather strongly developed granular topscil structures,

- rather weakly developed subsoll structures when moist and under natural
conditions, which change very markedly on drying to very coarse regular
subangular blocky structures, - often to well formed prisms,

- crispness of peds when moist, which becomes hardness on drying ,

- Very weak inciplent indications of mottling in the upper and lower limits
if the subsoil under natural conditions (the degree of mottling contrasts
oddly with the extreme seasonal wetness of these soils),

- development of more prominent mottles in the upper subsoil horizon in
solls that have been thoroughly drained and fammed for many years, this
feature 1s accompanied by compaction and clay accumulation in this horizon
in extreme cases,

- slight to ypronounced clayskin formation in the lower subsoil is a feature
of most fladi soils,

- accunilation of iron-oxide and related compounds either at the junction
of the unconsolidated ash layers with the underlying consolidated
substratum, or at some depth down in this substratum,

~  very strong and very pronounced shrinkage fissure appesars in the dried
out road banks and ditch sides of most fadl subspils, these fissures
isolate the dry prisms which often appear as irregular, unstable soil
columms,

3. General chemilcal characteristics

Chemical studlies of fadi soils have been undertaken by COHPFO and at this
- stage no published information is available,

Le Characteristics of typical hadi solls

From the large number of Nadi soils that have been identified in Chile
(Dfaz, et. al.,, 1958; 1959), four have been sélected as being reasonably
representative of the group. Pitrufauén fiadi solls occur only at the northern




nwdar sandy loam that is somewhat

15 em wery dark brown (moist; friable gra
hard when dry;

20 om dark brown (moist) friable, well-structured loam, also hardening on
drying;

15 em  dark brown (moist) friable heavy silt loam to silty clay loam,

~gtructured and drving out to prisms with prominent shrinkage

cr&ckb

tured but friable light clay
very wide shrinkapge cracks when

20 om

ing pro _

s have OTLVQKib”

brown rather firm blocky heavy silty clay loam with marked
clayskin development arcund the peds;

0.5 o thin continuous ilron parl,

Or. very dark gravish brown (moist) very compact and cemented gravelly
coarse sandy clay loam,

9

Carel soils are often well farmed with the assistance of mainly phosphatic
fertilimers and nitrogen. oome farmers apply up to 150 units of phosphate

per hectare, along with 30 to 40 units of nitrate of soda. It is an excellont
pasture soil; volunteer grasses include Holcus mollis, and many legumes
(especially lotus) come in naturally. 4Appears to be well suited to high—
producing rye-white clover pastures for dairying when adequately fertilize
Many farmers tend to overdrain their scils and sumner production suffers
accordingly.

iv) Calonje very fine sandy loam (Appendix, profile No.

Calonje soils are de
moister enviroment

eloped mainly on Chiloé Island under a somewhat

preceding tadi soils. They occur on terrace
landscapes with a gently undulating to flattish relief, and formely supported
a Nothofagus swamp forest.

These solls experience an annual rainfall of sbout 2000-2500 mm of which
slightly over LOF falls in the winter sonths, and a little more than 10% in
the summer wmonths. Under natural cor delomw ihv solls do wot dry out, but
when farmed and intensively drained the 7 show signs of summer
molsture deficiency. Mean annual tampe: thl,u are about 1L 0y with mean
sunmer temperatures of about Au“” and winter 7.5°C.

4 byplcal soil profile shows:-

20 cm almost black (moist) friable but rather heavy fine sandy loam with
a good granular struocture:

10 ‘en very dark brown (moist) slightly firm fine sandy clay loam, well-
structure and with 'crisp! peds;

8 cm dark gray (moist) silty clay with o few small stones (usually

rounded quartz); friable and blocky but drying to prisms;

15 cm dark grayish brown (moist) firm light clay with no very distinct
structure;
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20 cm brown (moist) somewhat stony clay, firm and without any distinctive
: structure,
One. compa ct olive &Lolstj gravelly loamy sand; gravels stained with iron-
oxide,

5. Soil genesis

The inherited characteristics of Nadi soils include an alluvial substrate
which was either partly cemented at the surface before the ash mantle was
emplaced or became rapidly cemented with silica during the early stages of
ash accumulation; and stratified layers of volcanic ash consisting of fine
andesitic materials, in part interlayered with coarser acidic shower materials.
Coincident with the accumulation of the ash mantle, there mist have been
a change from cold, relatively dry steppe conditions, to humid cool-temperate
conditions in which forest became the dominant plant cover, (see also Auer,
1958), In many ovlaces the alluvial material below the ash mantle shows of an
old erosion surface

The acouired claracteristics of wadl soills include:

- the relatively rapid weathering of the. finely divided volcanic glass to
-allophane clays, and a further change in the older ash layers in the
direction of halloysite, kaolinitic and perhaps gibbsitic clays;

- moderate to strong leaching, strongly conditionsd by atendency for
accumulation of raw, acid forest litter on the soll surface in the
southern part of the "Hadi" region, resulting in the formation of
sesguioxide—rich bands in region of textural discontinuity in the
subsoils, and

- strong reducing conditions which develop when the soills are saturated
by excess rainfall,

The existence of strong reducing conditions can be demonstrated in the field,
and can be inferred from the characteristic smell of the subseil clays. It
is, however, a peculiarity of Wadi soils that the solls seldom develop typical
gley m@rphol@gy. subsoils are rarely mottled and never exhibit the greenishe
gray or blulsh-gray colour‘ cn&r&cturi&tic when strong reducing conditions

are operating in soils of more normal silica/alumina composition. It would
seem as if thﬂ high m3lophﬂm~ on{@n‘ of %hu *Ojl grecluda& @hu develo; Amt

3

QOLL hom a brlgft bfoWﬂaghmyullﬁv h@llé@ﬂ 1zgad;u‘vLy abovb thu olllblii@u
substratun, and sowetlies simllar colours develop elsewhers in the soil
profile, in the v10¢n¢ty of iron vans. In part, this characteristic is
associated with & particular kind of volcaniec material in which fine pumice
fragments may atlil be discerned, but ﬂ@VCftﬂulf ss it is about the only fWQbuw
of the soil profile that might be regarded as an expressi of strong reducing
conditions. The bright bruiﬁlththjOW horigon appears to contain conolddrab¢u
allophane, yet shrinks markedly on drying forming vertically elongated prisms
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and swells &Q&iﬂ when wetted to form an almost Ilmpermeable layer. It is this
layer that is, above all, responsible for the appearance of !perched! water
tables in mada soils during the first heavy r&in" of winter after the slightly
drier conditions of summer and autumn. The surface of this layer swells and
impedes downward movement of the rainwater. A second 'perched! watertable cccurs
at the surface of the cemented gravelly substratum, and this lower watertable
gradually thickens until it becomes continuous with the upper one, leaving the
whole profile thoroughly waterlogged.

6, Boil classification

Physiologically, the Ladi soils are Allophanic soils with restricted drainage
conditions. Morpholegically, they are not so readily separated from the better
drained allophanic soils of the reglon, and many intergrades are known., Since
there 1s no characteristic expression of gleying to wxof@ %%@ 1nten@itv Qf
reducing conditions seasonally present in %hu 5¢ solls, €
often to be inferred frow the depth of the ash mdnt¢u3 ”bu niLurw Qf tﬁu sﬁtha
in the ash mantle, and the presence and position of horigzons of silica or
sesquioxide accumilation, lere the natural vegetation is undisturbed, this
provides an infallible guide to the Nadi soil conditions in the north and centre

*‘%" [

\..)

of the Miadi" zone: but in the south, "1r+icul&rly in the island of Chiloé, where
leaching is more intense and is more strongly condition by mor-forming vegetation,

the composition of the indigenous plant cover is a less useful gulde. In Chiloé,
the ma'ori%v of the badi soils are virtually podmolised Glevs, but without the
o & € - )
typical expression of Glﬂvjm%, They grade towards soils which behave like typical
& 2
Gleyed Podzols, yebt so strong is the influence of allophane that none of the
v ] P
typlcal morphological features of the (leyed Podzols is expressed in the soll
orofile., In the south of Chiloé, these peculiar soils become the chief component
of the regional solil pattern, and one can only classify them at the present
Juncture 'very atrongly leached Allophanic solls of the humid, cool-tempe
region'.

In secking global counterparts of these soils, the search can be limited 'a
priori! to reglons where the landscapes are mantled with volcanic ash, thinly
spread over an impervious suuumrxwun@ where tam ature and rainfall patterns
are similar to south-central Chile; and where the natural vegetation is ever
forest with a high proportion of spscles pr@~a13pos@d to the formation of acid
mor. Nadi soils are not found in New Zealand, although the climatic equivalents
and 2 comparable plant cover do exist on the western coastal lowlands of the South
I$W i Here, at the exact latitude of northern Chiloé Qahn climate and vege-
pproximate closely to northern Chiloé (Codley, 1960)} but there 1s no

tion ¢
ﬁmntle of volecanic ash: in place of wadl soils, the 'pakahl'! Podgolised Gleys

are found (¢ bs, 1950).

Japan is another country where counterparts of hadi soils mizht occur but none of
the published descriptions of the volcanic ash soils with restricted drainage
conditions indicate close equivalenece with hadl soils. Kanno (1956) has made a
study of a lowland soll derived from volcanic ash that has sufficlent impedence
of drainage to it it being used for rice growing. In this soil the subsoll
clays consisted mainly of hydrated halloysite and illite, with varying amounts
of allophane, gibbsite, vermiculil and chlorite, There is no information yet
available on the nature of the subsoil clay in Chilean hadl solls but a sampls
has been collected from the prominent brownish-yellow horizon of one dadi soil
and forwarded to New Zealand for analysis.

o
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Trumae solls on shbeep

slopes and related steopland solls

More than 506 of the Chilean allovhanic voleanic ash soils occur on
p slopes within the 11u3iu of the andean ranges: these are the trumao
land soils, and they usually found complexly associated with other
steepland solls and lithosolic soils derived from the muntry rock.

In meny parts of the andes, the mantle of volcanic ash is desp and
practically continuous over the whole of the rugged landscape, but in other
parts, the ash mantle has been torn and reduced by man-mads or natural erosion
8o that only a small section of the steepland complex of soils is actually
derived from volecanic ash,

Volcanic ash as a parent material of steepland solls being to make its
appearance in the ﬁﬂdm&ﬁ ranges at about lititude 36°C, and a more or less
complete mantle of is present from about 38°S and extends virtually
unbroken (sxcept by local ﬂrmﬁlon) to 47°5.  Thus this important featurc of
Andean solls covers a latitudinal range of neirly 10°. On most soil mups of
Latin americn, this sector of the Andes 1s usually shown s possessing mainly
lithosolic soils: this is far from the truth of the situstion at the present
time, for this mountainous landscape 1s occupied mainly by steepland soils
(a8 defined by Gibbs, 1962) derived from volcinic ash and not by lithosols,
although another century of human (ugricaltural) endeavour may well establish
the validity of the earlier soil maps, for in some aress the man-induced
srosion is truly horrifying,

Lo Envivommental characteristics of trumao stespland solls

The landforms assoclated woth these soills ronge from moderately steep to
precipitous, but steep (28° to j”°) and very steep (33° to 37°) slopes
predoninates.  The original landschpe cn coarved 1n hard Andean rocks

{rnis

nly andesites, Qrwﬂitbw and indura mentary rocks older than
Tar“iarv) by normal erosional cycles. The predominance of steep landforms

is o the Late Tertiory history of up Loand tilting nd s €8,
i ¢ to th te Tertd histor plift and tilting of land surfac
"WSO"i*t“Q with the andean orogeny. On this unpromising disseched b&n&m@nt

volcanic ash has successfully accunulated to a surprising depth.

Many of the Chilean voiconoes are currently active from time to time, and it
is comparatively sasy to study the mechanics of ;sb accunulation, lhu
formation of an «sh mantle on the rugged landscape is clearly associated with
the regional climate and plant cover, and with th& mture of the ash being
du)@o¢u<u. North of latitude 36°5, the climate is too dry to permit the
~development of a2 closed forest cover, and in tha absence of 2 dense forest
vegetation all the finer zsh resching the soll surface is removed by wind
and water, leaving only some of the coarser materials (especially those that
arvive as a result of a p } 1 amounts of coarss

Loeraption, when large
and fine material may arvive in a short space of tim €). A certain degree of
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humidity is necessary in the
forest cover to protect the newly
the weathering of the volcani .
zaaqui&ls For binding
46°3, there is often a
and norms oonditions
comparatively slow ir
reduced or almost ak
conical slopes of

environment, not only for the establishment of a
osited ash, but also to promote rapidly
to form sowme amount of amorphous

In the extreme south, below latitude
cover but it is mainly a deciduous one
uowxﬁhiah athering of the volcanic glass 1s
encing. In &ll latitudes, the ash mantle
sent in the immediate vicinity of the volcanoces.
st voleanoes are, usually bullt up of very courss
and cinders, interlayered by lava flows. Beds of fine ash are usually ab
except where protected by capping of a you lava flow (fig ). %Qwuvﬁr,
evenn at some distance from the actual vole COnE, L
but poorly deve! b this is likely to be dus to thc “Gp@‘twu
destruction of the forest cover (by noxious gases, or by fires originating
from molten lavas) which removes one of the conditions requisite for steady
ash accumulation.

Studies made during the eruptions of Puyehue (1960); Calbuco (1961); and
Villarrica (1962, 1963) on the building up of ash beds (Wright and Mella, 1963 )
showed that during each of these brief cruptions amounts ranging from a few
millimetr“s to over 6 o of fine volcanic ash settled on the landscape. In

most cases, this :d chiefly on the leaves of the vegetation, and in
heav1ly fores areas little ash reached the soil directly. In every case,
rain fell within one week of the date of ugnvflon of the and after t '\is

o}
3C

rain the ash dissappeared from the foliag \bub renained lodged in the axils
of the branches and trunks of the trees) and presumably reached the soil
surface, although only in rare cases could be lebh ash be recognised on the
soil surface withoul microscoplc examination. In many cases a thin filwm of
fresh ash could be detected running down the tree trunk during the rainy
period and thaere 1s the possibility that there is a relatively greater
concentration of fresh ash on the soil near the base of the actual trees than
elsewhere in the forest,

Weathering of the ash
frésh ash material could be detected in suri

}

minerals was evident within one month, and by this time
ce soild nples at a depth of

y

from £ to } o bwlOW nu %ctuﬂl soil surface; presumably the processes of

ready operating strongly. It is feature
ion of Chile, that the main rooting
Ly close to the surface. This may
atus of tThis part of the soll profile
resulting from the purxodmc mineral matter to the soil
surface. The rooting syst ¢se forests characteristically consists
of & dense tangle of large and small tree roots in tua uppar“out 20-30 o
of the soil, and many of the roots form root-graft » whole root
gsystem into & firm but superficial nstwork. This root ﬂvLWOTK pl&yg an
important role in the stabllity of these. forests on steep slopes (see also
aright & Mella, 1961). Not all forest species concentrate the majority of
their roots in the extreme surface of the soil; there are distinct differences
between the rooting habit of, say, ulmo (Fucryphia cordifolia) and coigiie

of all f@f ﬁtm Ln
zone of the trees and bus
reflect the much betbter ba

is

S
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(Nothofagus dombeyi), but even trees like the latter that are often of a
rather deep rooting habit show a tendency for superficial proliferation of
thelr roots in volecanic ash solls.

The most abundant type of forest on the steepland trumacs is an evergreen
mation composed of Llaurel (Laurelia serrata), olivillo (Aextoxicun
gnuacmat&un); canelo (Drimys winteri) and Nothofagus spp. The latter tend to

ate as pure stands and 1t 1s common to find coiglle tress occupyilng an
pure belt at some elevatlon on the mountainside. The deciduous

Sp@omu@ of Nothofagus (fiirre, N. antarctica, and %, N. pumilio) show
the same tendency in the more southern Andean ranges. Araucaria and Fitzroya
oceur on these soils and 2lso tend to seggregate as pure forests,

Above the forest upper limit, the plant cover consists mainly of low buahvs,
in which members of the Berberidaceae, Vacciniaecae, Upacridaceae are well
represented; and at still higher altitudes some tussock grassland may appear.
Under this marginal sub-alpines vegetation, the depth of the ash mantle
decreases sharply: preswmbly the very cold, windswept sparsely-vegetated
environment 1s less suitable for accumulation of voleanic ash. ‘

The depth and composition of the ash mantle varies widely from place to place.
An average depth on slopes of between 30° and 35° would appear to be about
2 metres; with rather less accumulation on short convex slopss, and
considerably more on long, ﬁom@wka% OOQC%V@, slopes, The maxinum depth
measured was 8 metres, in the Golgol valley., The !'stratigraphic column'! of
the ash mantle varies in accordance with the pattern of volcanie activity

the immediate reglon, but most soil pits dug on steep hillsides showed
¢ pa@ied arers of fine and coarse materials ranging from fine andesitic ash
( st cwmmon)j to coarse rhyolitic and siliceous pumiceous sands, to black
Ldmwitlﬁ sand (least common) and fine basaltic scoria (quite rare). The
transition from one strats to the next in the column is usually abrupt, except
in the case of andesitic ash materials of slightly differing grades and
mineral composition where the transition may be more gradual,

Climatic data for the territory of the gheepland btrumacs is very deficlent,
It is known, in a general way, thalt the mean annual rainfell ranges from
about 2500 mm to -over 5000 mm; that much of the winter precipitation is in
the form of snow; that the summer precipitation is not much above 20% of the
total annual pr;tl}_t tion; that the mean annual temperature range is
approximately 5°C to 13°C; that winter temperatures have & mean between 900
and zero: and th%t mean sumner bemperatures are probably in the vicinity of
ZO°C In general these soils are found under a cool-to-cold, hunid-to-
grhurxd type of @ﬂVlronmenﬁ.

2, Goneral cusymctvr stics of trumao steepland soils

It is almost impossible to describe these solls in general terms owing
maimLy tO the great vardation in inherited characteristics.
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The chief features of the profiles held in common by these soils include an
intensely black or very dusky reddish black topsoil, usually of no great depth
(15 to 25 cm); pronounced humic staining of the upper subsoil strata and
horizons; very marked topsoil friability due to the abundance of roots and
perhaps the 'rocking! action of the forest cover; abundance or rather rounded
aggregates in the topsoil due to the intense activity of insects and earth-
worms, - even at the highest elevations; incressing compaction with depth;
also increasing clay content, stickyness and plasticity in depth (except where

3

7

coarse pumiceous sands intervene in the stratigrephic column; vellowish brown
subsoil colours that grade with depth to reddish brown or reddish yellow colours
(except where b

1ltic sands intervene in the stratigraphic column).

5., General chemical characteristics

Yarny samples of these soils have been collected but no analyses are yetl
available,

L. Characteristics of typical soils

Ho detaill soll profiles are quoted in the Appendix since it is still too

soon to say which are the more typical soils of the group. The solls described
below have ‘been recognlsed in the field as being soils covering an important

extent of many mountainsides. Thelr actual boundaries have nol yel been mapped
since these solls are often more of interest to foresters than to agriculturalists,
and the Forestry Organisations of Chile are not yet egquipped to make soll maps;
nor does the agricultural Ministry have men or materials available to undertake
the work,

i) Atacalco

These occour northern lindt of the steepland trumaos, and are
formed from ash beds vers derived mainly from Chilldn and Antuco
voleances, The soll parent materials are mainly andesitic volcanic ash,
perhaps somewhat more basic than normal, with a fair amount of basaltic sand
in defined strata. The ash mantle is aboul 75k complete on slopes up to 30°,
and about 45% complete on slopes over 30°. The terrain is very steep and
mountalnous,

b}

The climate of the region is between sub-humid and humid, with a mean annual
precipitation of about 2500 mm but without effective rainfaell during three

months of the year; the mean annual temperature is probably about 14°C.

A common moist soll profile showsi—

analar
inct

20 om  very dark brown leoamy sand, friable and with a very weak g
structure, without plasticity or stickvness when molst, dist
boundaxry;

20 om dark reddish brown Very friable slightly sticky and plastic sandy
loam with weakly doveloped blocky structure and diffuse lower
boundary;
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35 om  strong brown friable, slightly sticky and moderately plastic sandy
loam with a moderately devsloped blocky structure and distinet
lower boundary: ‘

30 om brown loam to silty clay loam, more compact than horizons above
and of firm consistency, weakly developed coarse blocky structure
and peds contain some fine pumiceous gravel, lower limit abrupt;

8 an dark gray loamy sand of basaltic origin;

e pale yellowish brown compact pumiceous sandy loam ;

em  very dark reddish brown loamy sand, probably basaltics

cm  dark brown greasy silty clay loam, rather compact;

brovn very well-structured clay loam with high plasticity;

cn reddish brown coarse sandy clay loam with lumps of weathering

basaltic scoria,

On. . slightly weatherad granitic rock,

1
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Atacaleco steepland soils are mainly occupled by second-growth forest with
occasioml patches of the original evergreen broadleaf forest., In many places
fires have repeatedly destroyed the forest cover and the soils are eroded
down to bed-rock. This largely accounts for the incomplete state of the ash
mantle mentioned above. Atacalco solls have an altitudinal range of from
1000 m to about 2200 m and their potential value to the Nation is obvious as
Forest Reserve: they are by no means suited for agricultural soils.

P,
é,_‘.

i) Momolluco steepland soils

Momolluco soils are developed mainly in Cautin FProvince in the Andean
ranges that lie within the influence of Llaima voleano, although ash
contributions from Lonquimay, Tolhuaca and other nearby volcanoes are almost -
certainly represented in the ash mantle. The ash mantle is 100% complete
under matural conditions, but has been severely destroyed by erosion in the
vicinity of farming settlements, The terrain is steep to very steep, for the
most part, and these soils are found over an altitudinal range of about 1200 m
to nearly 2500 m.,

The climate is decidedly humid with probably about 4000 mm annually, and no
very marked dry season. Even in summer the solls are usually molst. Mean
annual temperatures are in the vicinity of 10°C, and the winter months are
very cold with freguent frosts and occasional snowfall,

A common moist soil profile shows:—

10 com very dark gray basaltic gravel (scoria) and sand;

15 em dark reddish brown loamy sand;

4O em wvery dark yellowlsh brown coarse loamy sand;

30 an pale vellowish brown pumicecus loam with some indication of structural
ageregation and very slight plasticlty but no sticlkyness;

50 om  brown silty clay loam, greasy but rather compact;

110 em  yellowish brown fine sandy loam with occasional pumice fragments,
compact and almost cemented;




70 em  dark reddish t v sand, possibly ba

5 om very dark reddish gray cemented basaltic scoria

115 em brown very well-structured clay loam, firn and very plastic;

10 em brown sandy clay loam, well-structured, sticky and plastic with
an abundance »f coarss sand grains,

On.. weathering granite,

Momolluco soils are highly ervodable, readily forming glant slips and debris
avalanches when the natural forest cover is tampered with: even lo
the forest on these soils needs to be done with great care., The main forest
tree is Araucaria, a most valuable timber tree, and it is very sad to see

the criminal carelessness of the lumber companies exploiting this tree, and
the careless use of fire to clear patches of land for farming by squatters
who often follow behind the timber extraction operations, Ideally, this soil
should fall within the category of 'watershed reserve'! and be left strictly
alone to regenerate what it can be of the original forest.

iil) Chanleufu steepland soils

Chanleufu steepland soils are found mainly in Oscrno Province on steep
to very steep slopes in the vicinity of Casablanca and Antillanea volcanoes,
and on the southern side of the Golgel river valley., This soil is well seen
on the road through the Puyehue National Park and has been described in detail
by Diaz et. al., (1959). The natural vegetation of this soil is a mixed
evergreen broadlef forest in which laurel, oliville and ulmo are prominent,
with some almost pure stands of Nothofagus dombeyi and N. antarctica.

The soils are formed from up to 18 thin strata of veolcanic ash ranging from
basaltic sand to acidic pumiceous rhyolitic sand, interleaved by beds of very
fine andesitic ash. The latter, almost everywhere, forms the main bulk of
the profile strata, and is the chiel subsoil material. 4ll these materials
are clearly of subaerial origin, but some of the layers appear to have been
emplaced as mud-ghowers,

The climate associlated with this soll is markedly humid and rather cool.

The mean annual precipitation amounts to (probably) over 4500 mm of which
part falls as asnow in winter. The summer rainfall amounts to about 16% of
the total rainfall, The msan annual temperature is probably less than 10°C,

A typical profile shows:-

L0 cm very dark brown finely granular silt loam, friable and slightly sticky
and plastic. (field pH, 5.3);

10 om very dark gray moderately blocky sandy clay loam, that is fairly
friable but moderately sticky and plastic. (field pH, 6.0);

7 om black coarse sandy clay with conspicuous coarse white weak, fine
subangular blocky structure and much stronger stickvness and
plasticity than horigon above. (field pH 5.5);




L em ery dark

<i

gray brown friable coarse sandy with nelthsr structure nor

sticity. (field pH, 5.5);

8 om pale olive brown coarse sandy clay with reddish yellow fragments
of weathering scoria, weak fine subangular blocky structure and
moderate stickyness and plasticity. (field pi, é.2);

7 om very dark gray brown friable sandy clay with no visible structural
aggregation M@t strongly stjckv and plastic, (field pH, 6.1);

stickyness, nor pla

12 om dark r Lsh brown cemented gravel. (field pH, 5.3);
20 an very dark gray very weakly wﬂ@a od gravel, mainly basaltic

scoria but Nltu some coarse white sand grains. (field pi, 60&);
20 cm  rather closely banded dark vellowlish brown and vellowlsh brown
very fine sandy clayloam, varying in hardness from weakly cemented
~ to slightly hard (bv*ﬂ in moist bwﬂdlthh}. (field pH, 6.3),
On..  very dark gray sand and gravel composed of scoriaceous lava

fragment s, mainly Ql@&wiy packed and hard., (field pH, 6.2).

Chanleufu soils are relatively young soils, vet are too old to be classed with
Recent Volcanic soils., They are unsuited to agriculture and are best
considered as Forest Reserve solls ora wWhere fh~v have been cleared by over-
enterprising farmers, as soils that should be allowed to regenerate in forest,
They eroded very severely and most b,ﬁ@t&cul&rly on the occasion of the 1960
earthquake, and destroyed most of the communications in the lower Golgol
valley but it was most noticeable that only the cleared slopes formed maSSive
landslips while the same solls under forest only produced local debris ‘
avalanchss,

iv) Peulla steepland soils

Peulla steepland seils are found near the head of Lake Todos Los Santos
and extend southward for a considerable distance towards Palena. Many
different volcanoes have contributed to thelr origin, including Osorno,
Calbuco, Cawaulanc&ﬁ Hornopiren and, possibly, Tronador. They are developed
mainly under Nothofagus forest (N. dombeyi and N. antarctica) in a very wet
and cool climate with over LO00 mm precipitation and mean annual temperatures
lower than 10°C

A common profile shows:—

25 cm black loamy coarse sand, friable and weakly granular in structure
but non-sticky and only very slightly plastic;

20 om very dark brown coarse sandy loam, Ifriable and moderately blocky
in structure, slightly sticky and plastic;

45 om  reddish brown coarse sandy leoam grading to sandy loam that 1s
friable, well structured and slightly sticky and moderately plastic;

20 om  dark yellowish brown rather compact pumiceous loamy sand that is

slightly sticky dand plastic;

LO cm very dark brown very greasy silty clay loam with a very well
developed coarse angular blocky ﬂtr‘@turoﬁ and moderately
sticky and plastic; ‘



cm  dark yellowish brown pumiceous sandy clay loam
dark gray slightly ented basaltic sand;
alternating bands of coarse and fine basaltic sand, with many of the

k)

finer textured bands distinctly cemented.
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Peulla solls are unsuited for farming since they ccour only on very steep
slopes and on precipitous mountainsides. They erode readily when the natural
forest is removed, and should be kept under Forest Reserve administration,

“

or as Hational Parkland.

V) Huemules steepland solls

duemules steepland soils occur mainly in 4lsén Province and mainly to
the south of the Simpson river valley, They are developed on very steep to
precipitous mountainsides that, not withstanding their extreme angle of slope,
have a mantle of volecanic ash up to 150 om in depth, and more or less
continuous except where destroyed by erosion following destruction of the natur-
al forsst cover.Of the total depth of this ash, more than half is formed from
pumiceous rhyolitic sand and fine gravel; the remainder consists mainly of
very fine ardesitic ash. Usually at least six different ash and shower strata
are represented in the stratigraphic column of the ash mantle. Towards the
northern limit of this soil, there i1s the additional appearance of a thin
band of black basaltic volcanic sand.

The natural plant cover on these soils is malnly Nothofagus forest, including
W. dombeyi on the lower mountainsides, and N, pumilio and N, antarctica at

the higher elevations,

The climate is cold and very wet, with the ammual precipitation in the
vicinity of 4500-5000 mm; of this amount about one quarter of the total may
fall as snow. The mean annual temperaturc is probably not higher than 6°C.

In the case of Huenules steepland soils the basement rock is granite. Usually
his wek has a comparatively unweathered surface, The ash mantle rests
directly on this rock, and when the natural forest is destroyved by fire the
whole of the ash mantle may slide smoothly off the mountainside, leaving bare
rock faces of wide extent, and these offer little foothold for fresh forest
seedlings,

& common profile shows:i—

15 am very dusky red, peaty warse leamy sand with a well developed
granular structure, friable, and very slightly sticky and plastic;

20 cm dark yellowish brown gravelly (pumice) loam, friable weakly
structured, and slightly sticky and plastic;

30 on dark brown slightly gravelly sandy loam, rather firm and perhaps
weakly cemented, slightly sticky and moderately plastic;

50 em dark reddish brown sandy clayloam, firm, very well structured
(coarse blocks) and moc 1




30 em  dark yel
of slightly weathered granite in the lower part :
2 cm yellowish brown coarse sandy clay,

Une. hard granitic rock. .

Huemules steepland soils are certainly unsuited for agriculturs and it
apparent from the amount of erosion that mas already o curred in aisén
Province on these soils that all agrialtural endeavour needs to be kept

at a considerable distance from these soills. The wain danger is fire. Fire
is employed by most of the small farmers on the valley bottom soils, as a
means of clearing away unwanted invading shrubs and tress from their pastures.
Owing to the rugged nature of the terrain, it has proved almost impossible

to control the lighting of these fires during the summer and autumn when the
vegetation is in its driest condition. In an exceptionally dry year, or in
years when the ouila bushes (Chusquea spp: ) flower and subseguent dry out
(this happens with about a 20 year cycle), escaped farmers fires may travel
for tens of kilometers, destroying the natural forests of the mountainsides
sufficiently to allow the erosive forces to begin their work. Within a few
years, the whole of the ash mantle may be stripped from these mountainsides;
and much of the alluvial farmland at the foot of the mountainsides over—
whelmed in mud-slides, rock-slides and gravel fan debris. Huemules steepland
solls and many similar stespland allophanic volcanic ash soils should be
rigorously pressrved for forestry use only, and sven under Forestry Control
the amount of timber exploitation permissible must inevitably be slight and
very well planned. ,

5. Soil ¢

18l g

Allophanic steepland soils derived from volcanic ash (!'Trumao Steepland
soils') are a special category of the steepland soil sroup first proposed by
Cibbs (1954), They are very similar indeed to the steepland soils related
to Yellow=Brown Pumice soils and Yellow-Brown Loams described from New
Zealand (Gibbs, 1962),

In both Chile and New Zealand, they exhibit few of the normal signs of being
constantly subjected to soll movement that is a feature of most other kinds -
of steepland soils. They are much deeper than normal steepland soils and they
owe their origin more to the addition of volecanic ash to the surface than to
the progressive weathering of the basal rock and to the accumulation of rock
weatliering products. As was shown in the introductory remarks, in Chile,
allophanic steepland soils from volcanic ash cannot form where there the

plant cover is inadeguate or not in continuous occupation of the mountainsides:
nor can they form where the climate is too dry to permit the development of

a complete and permanent forest cover. Thus special conditions are involved
in their genesls from the oubset.

secause they are relatively very deep and porous soils, bound in place by a
forest root network, they are not so vulnerable to ercsive forces as other



kinds of St

and soils. Under natural conditions, seldom does the intensity
of rainfall ax

excecd the capacity of the decep,.porous soil to store (and sub-
gequent slowls sase) the rainwater. Under natur&W active conditions

soil movement 18 minimal, and there 1s 1ittle evidence of soll creep and soll
slumping. N%iﬁhwra bacause of the protective network of tree roots, do
gullies or landsliips readily develop in these soils under natural conditions,
Tumneling and 'under-runners'! arc more common than surface srosional phenomena.

Yet for all thelr apparent stability, these steepland soils are potentially
highly unstable., Lven very modest interference with the natural conditilons
produces debris aval cM}bhpD(mu defined by Sharp, 1938), and small K&ndallpo.

A forest fire that destroys only 2 relatively small proportion of the frees
has even more serious effects, and results to the development of larger land-
slips and mere frequent incidence of debris avalanches., Complets clearance
of mountainsides to permit establishment of pasturcs produces la
eroslon and results in the destruction of much v&lu\biu dprxuutturwl land on
the adjacent valley bottoms, and even on the more distant lowland plains.
Under extreme stress, as when severc seismic shocks are experienced the whole
ash mantle on complete mountainsides may show signs of instability; many
cleared hillsides simply collapse in a welter of mud-slides, catastrophic
landslides, debris avalanches, ete,

o scale

The elements of instability are nt in the nature of the soil. Whu soils
are highly stratified, each layer lying unconformably on the next me layers
are pumiceous and are capable of absorbing a very large volume Qf Nubbf in
their porous material, Some lavers are Ltie sands which dry out very
rapidly. Setwezen these two diversc rials, there 1s usually a sandwich of
fine andesitic ash weathered to a st~u hen it is- comnamad mainly of
amorphous allophane. Hach of th materials v display weakness under

es v dilsp
certain conditions. The pum ce i»yﬂib, whert filled Lo capacity with rainwater,
add ly to the i

Led
g L of the load resting on the mountainside; the
basaltic sand, when dry, is loose and mns freely, so that during a
gale large trnu& overturn and the ash mantle Is ruptured uwsually at this sand
layer: the allophane-rich andesitic layers, when moist or wet, form a
greasy or slippsry lubricating hordzon which 1s probably the chief cause of
the spectacular erosion thattakes place on farmed mountainsides. In many
ways it is quite remarkable t the forest root network can sustain so
successfully the ash mantle, in the face QL the grave physical weaknesses in
the stratipgraphic composition of

s

Despite the elements of instabili wrent in the system, these steepland
soils under neutral conditions are nevertheless sufficiently stable to record
2 large measure of trhe zonal impress of soil formation. For example, where

ik} soll profile show abundant signs of leaching., The
processes of soll lanisation appear to function normally; as do also the
soil weathering processes. True, the soll profiles may show unusual features
due to the fact that the wmovement of wa through the soll » a strong
lateral component, and soluble elements lost from the upper part of the slope
are prone te re-emerge at points lower down the slope; -~ introducing the
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concept of 'flushing! in the soll process. Highly siliceous soils may show
‘entirely normal (but rather thin) leached Ao horigzons of very low base status
towards the top of the mountainside, whereas at lower elevations the same kind
of bleached horizon may again be present in the profile, yet may have a
relatively high base stabus due to the flushing process which is responsible
for the return of soluble compounds to the soll surface. In some cases these
areas of soil enrichment are well picked out by the distribution of the species

of which the forest is composed. again, ther can often be recognised in the
pattern of the plant assoclations developing on cleared and s auﬂu@mtlv
abandoned nhillsides.

6. 201l classification

Steepland solls are often dismissed as Skeletal soils or Lithosols - or
cvern worse, lumped as Miscellaneous Land Types., They are rarely examined in
detail and accorded a place in their own right. Nor, since their formative
environment is entirely dominated by the extreme steepness of slope, can they
be readily related to other QQlAquwv&joﬁLHF on land of wore gentle relief
within the same general CJL‘"tl& regime Hill soils can be related to a8y
W&md solls with little difficulty, but %tauplama soils have Loo many '

ignificant points of differencs to allow this faclile solution. In the case
Qf allophanic steepland soils in Chile and New Zealand, they certainly cannot
be considered elther as Skelstal soils nor Lithosols.

The term 'Steepland solls! was colgned in New Zealand to mee the need of a
descriptive term for soils occurring on steep and very steep slopes that
were neither skeletal soils, lithosols, nor regosols. It was uqu to
designate steeply sloping soils that possessed, to some degree, a mantle of
weathering rock and it proved to be espescially apt in situations where this
rock waste mantle was augmented by accumulation of wvolcanic ash. 3teepland
solils are very common in the mountain ranges of New Zealand, even in places
far removed from the influence of volcanic ash, and this is probably a

of the fact that grawving mammals were uljrbh, absent from. the
soil enviromment of New Zealand until historic times. Steepland soils are
also very common in humid tropical lands with Jauthfllly dissected landforms.
In the humid tropics it is often the steepland soils that are the main stas
of the population who grow thelr Sub“i%t@PO@ crops by a system of shifting
cultivation, making skillful use of va 18 aspects of the soll process
(Wright and Twyford, 1957).

The semi-popular term 'stespland soils! has been replaced by more precise
nomenclature in the latest New Zealand soill Clq$blfi0&t10ﬁ (Ponlen, 1962;
Taylor and Pohlen, 1962). Steepland soils of the old classifications are now
referred to the skeliform or skellic class, and are considered to belong
mainly to the clinic subclass, where there 1s some rejuvenation by down slope
movement. The allophanic gt@@plamﬁ soills of New Zealand are relerred to as
clinic—-alvice &1i clinic-subalvie, - the latter name being used for stespland
soils mainly derived from pumicscous volcanic ash - rather than alvic-clinic soils,
and this is a Llfth@r r%gugmiwigm of the remarkable stability of these soils
under natural conditions.
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i) Chillen sand, intergrading to Sante Barbara sandy losm, (Appendix, profile

N 58
from 5 to ¥ km. from Chillan volcano.
to steep slopes, under evergreen forests
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3

and m annual tempe

This soil is found at a
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4 tyoical soll profile showsi-

Lrown (5YR s bfown, 7.5058 L/ L, dry) coarse

L0 cm dark re . ig 5
with fusiform fragments ol black scoriaceous gravel,
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5 em derk bro moist; brown, 7.5 Yn
and |

On.. typleal witﬁ Barbasra profile, but textures

to coarse sandy Losm over uppermost !

This soi

ears Lo be st ) the natural forest but

Cerodable wher Lhe forest is cleared for agric
STl the recent ash has been 1 off the ,
QCQHQdewb? mlmng the oot of the slops, the fence po
almost up to thelr tops,
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This soil s developed in the cuilmay volcano, mainly on
steep sl covered with iraucarils Iu oceurs at an elevation of
sbout 1 5Uv m, and is developing nlﬁmr a mesn annual rainfall of sbout 3.0
mmn, and mesn annusl temperatures of about 12°0,

ii)  Lonculmay cosrse sand and gravel, intere: to Cautin ¢

A4 typleal soil orofile showsi-

o

em bj,&,{ (’wu 2/1, moist; very dark gray, 7.5 Yii 3/0, dry) coarse sand
1 scoriacecus ¢

ravel,
b ogray very fine scoriaceous gravel,
¢ brown to yellowish brown leosmy cosrse sand grading to sandy
loam at 100 cm,

15 om
One.

Thi )f%}\l. &

a soil, but proves to be hi
when 1 forest is clesre It i ”hﬂ@ﬂb*?ﬁl” very fer >, but
common . dictates that this 1s one of theo fertile soile bhdt h@uiw not
be opened up for agriculture of any d€<eertlon, Unfortunately, omall
farmers are appearing on this soll, - families from the lowlands seeking to
establish thelr right to a patceh of land of their own - and the v
destruction of Nationsl resources ls starting in the region.

a very veluable fores

rgrading to Pucon losmy sand (Appe ndlx,
Profile N° 60)
These soils are found on the lower planese slopes of Villarrica volcano,
undsr Nothofsgus lorest; they are developed under a mean annuaL rainfall of
about 2,800 mm and a mesn annual tempersture of about 12°C, Topographically,
they occupy slopes ranging from strongly rolling to moderately steep.

iii) Villarrica coarse

A typical profile shows:-
‘ﬁ cm dark de@lhh srown ( 5Yr 3/2, molst; light brownish gray, 10YR 6/2,
dry) loamy coarse sand, -
13 em brown to dark brown (7.5Y 3/2-4/4, molst; pale grayish brown,
10YR 5/2, dry) grevelly loamy sand,
On. . typical Pucon loamy sand profile,

These soils ars very fertile, and on lend of rolling relief con be cleared
Of *hﬂ native forest and fermed very successiully. Voluntesr ﬁkovcrﬂ
23 of a good type rapldly establish on the cleared soils ,
1o greater than 20° they prove to be highly erodable solls, nﬁd huulf be
left under the natursl forest cover,




iv)  Antillanc _stony

These solls occur mainly on the 2r slopes of
co volecanoes in the Province of Osorno. Thelr natursl
fagus forest, and they are developing i al
mn and & mesn snnusl tempsrature of they occur o

of hotw l.ﬁuu and ¢.6;O m, O range from moderately
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4 typical profile sho

7 em coarse blrck scoriaceous
3 cm gray scorisceous sand and
L5 em very duukv red coarse losmy
10 ddish brown losmy coarse

v 524}
On, . Chanleufu ofile,
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Tsually,
in the 'trus : ric
charscteris th@ ’TOJOn (fCLlL s'y the di ;
there is some resson for thinking that the lati epresent volcanic ash
materisrls helonging to an inte scial epoch, This b@ Lrue of the majority
of the red c¢lay solils of the lowlands, but 1t Ls menifestly not true of the
red clay materinls that occur ot depth below the trumao soil moterisls oi the
Andean ranges, Careful ination Qf *1@ strotigraphic sequence in these
latter soils shows Alminution of the typical trumao

(allophene) characteristics in ‘ strate, and & corresponding gruduai
increese in the typicesl 'red clay! scteristics; the Le sequence
representing & normal change with incressing e of the ~isls, Jlnce
distribution of ash show greatly from one eruption to
snother, it dis inevitable thet situstions occur where the mentle of youn
ash is relat JVfly tan, ﬂnﬂ the subsoll 1s ;orwwa from older materials in

which typleal f ' i present, In such situations
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i) Collipulli sandy loesm (see Appendix, profile 4° 62)

This soil is found near the limit of the Sante Barbara soils at cbout &
km east ol the town of Collipulli, at en elevation of about 260 m, on Land-
scapes ol gently rolling relief. The mean annual rainfall is 1,300 mm, and the
mean annual temperature sbout 12.5°C, The original plant cover was probably
forest, although none now remains in the region.

The soll profile shows:
5 ecm dsrk brown sandy loam,

10 em dark reddish-~brown sandy clay loam,

45 cm dark reddish brown clay loam grading to
80 em  reddish brown compact clay

150 cem  dark brown heavy plastic clay

L0 em  dark reddish~gray heavy clay

On.. weathering sndesitic breccia,

W

N
5]
&
E

This soil 1s a valuable farming soil, but is highly erodable, even on gentle
slopes, It 1s of moderate to low fertility, and is especially deficient in
phosphate and lime,

ii)  Macuehue loam (see Appendix, profile N° 63)

Macuehue solls are found on the rolling landscapss between Temuco and the
coast in the Province of Cautin. They occur over an elevation of €0 to 180 m,
and are developed under a climate with aboub 1.200 mm annual rainfall, and
under mean annual temperatures of about 12°C. The original plant cover was
Nothofagus oblicua forest,

A typical profile shows:-

10 cm dark brown slightly sandy:loam,
35 em brown heavy sandy loam,

L5 om dark yell OWluh brown sandy clay loam,
20 em  yellowish Brown heavy sandy clay loam,
On.. yvellowish brown to brown clay loam.

Maqu@hu@ soils are mainly used for wheat growing by the Araucenian Indian
farmers of the region, but yleldsare generally low owing to the very low
avazlabli ty of phosphete in these soils, '
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Intersrades between Nadi soils and other soil corouns

1. Intergrades to Humlic

General features

Near the northern 1li
characteris ITyolcally
these solls are m : subzoll n &umlc Jiay”, but in place
of the gleyed horizon /bav n Ve a father b@i t yeliowlsh horizon. They are
developed from alluvial materials containir ch proportion of volecani
minerals, usually emplaced over old river t avels, There is no ¢

terrace
of the develog of an iron 1, such as occurs some true Nadi soils,

ils which show
\

i) Freire silty clay loam (see Appendix, profile N° 64)

Freire solls are developed on flattlsh twrwACQ landscapes, at an elevation
of about 100 m, and under a climate with about 1.100 mm ra 1Pali per annum
and mesn annual temperatures of about 12°C. The Ofigiﬁal plant pov&r Was a
semi-swamp forest,

A typicael profile show

35 cm  very dark gray silty clay loam,

20 em dark brown, very slightly mottled dark gray and yellowish brown clay
loam,

25 cm  strong brown to bro

10 cm avelly clay

On,., vels and clay

ish yellow, rather plastic clay,

o

FPrelre solls are very valunble both for pastureland and occaslon-
al cropping., They repond well to topdressing with phosphete,

B

. Intererades to Podsolic Gleyvs and Gley Podznols

General features

particularly commor 1y
d, I upper part of

are in the

volcanic ¢ ,‘ials} and in the Wﬂwvr pwrt from the und is
usually mice 30%15% - 21 beds ”b@ac @?' S d”VFiOUb” ma on

ﬂthDLOnﬂ) but more
commonly on upland p with TleuLV@ly high annual precipi-
3.000 mm) and quite low annual tempera~

Landscapes of .1ti@

tation (ranging from 2,000 mm tx} over -
tures (mean annual temperature about 10°C to 8.5°C). The natural plant cover on

these solls was, in most cases, forest, renging from Nothofagus ”ombeyL and
i Characteristically, there 1s =« bhxch

antarctica, to Fitzroya 1 Dex [
layer of rmw forest humus Lwrv 1 >HLJ%«5 of the seil, In some ¢
tal tussock vegetation v ~rces the naturel rar@ft veg@tﬁtiom, but this pian

associstion mey be the result of burning snd srazing




i) Maldonado peaty sandy loam

o soils

at

Haldonad developed on the uplst
in vhiloe Isl ] wluLLuﬂ€ of sbout 900 m, 3“? a
continuously 1 and ¢ool (mesn snnual rainfall ubuut 4000 mﬁ, amd mean annusd
temperature about 9°C). Tt ls are at present under a tussock grassland
cover with scattered vlants of Sax >them. The underlying rock is mice schist,
thickly with veins of quar

ofile showsg:-

A bypical soil

5 em dark brown peaty sandy loam,
25 cm  gray brown siltloam, mottled dark reddish brown along the root channels,
and pale gray,
h gray grevelly sandy loam with many fragments of quartz and

g

10 om

weath@‘ing micaschist,
On. . soft, laminanr fragments of micaschist, quartz fragments and a little

pale gray ssandy loam,

‘aldonado solls are used for occasional grazing with sheep and cettle, but
they are of low natural fertility and the greeing regime is mantained only by
~epeated burning of the tussock during the summer months. In areas where the
ﬂ~t1rﬁi forest is lergely undisturbed, the solls heve from 15 to 35 em of raw
forest humus pest on the surfrce; over the burne 5, peat bog formstlon is
<%w@wanQMmm* ]

£
(S SRl

gly on-all the flattish and concave areaes.
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Profile No.

29
30.
314
32,
33.
34,
35,
36.
37.
38,
39.
LG,
Ll.
L2,
L3,
L.
L5,
Lo,
L.

PROFILAE DESCRIPTIONS OF S0ILS WX

ENTIONED IN THE TBEAT

List of soils

descriped

Poroma sand . .« » . .+ 4 .« . . .

Campananl coarse sand . . . . . .
Ocsaya sand  « o + « o o v 4 0 e .
Chubire sand . . . « « + « « 4 .
San Martin sand . . . . . . ¢ . .
Lascar gravelly sand . . . . . .
Piedra Solitaria fine sand . . .
Sora very fine sandy loam . . . .
Alhue sandy loam . . . . . . . .
Loreto peaty loamy sand I
Hornillos fine sandy loam Ce e
Maitén very fine sandy to silt loam
Tregualemu very fine sandy loam
Kirreguaso slichtly loamy sand .
Laguna del Maule loamy sand o .

Santa Birbara very
Santa Barbara very fine sandy loam,
Santa Biarbara very fine sandy loam,
Arrayan silt loam e e e e

Baguales fine sandy loam . . . .

Cautin
Cautin
Cautin
Tealma

fine sandy loam,

silt loam, Cumbli faciles

loamy coarse sand Coe e s
Vilein loam to silt loam o e e e
Temuco silt loam P e e e
Trevolhue silt loam e e e
Puerto Octay silt loam C e e e
Puerto Octay fine sandy loam . .
Puerto Fonck very fine sandy loam
Fuerto Fonck silt loam . .« . .« .
Puyehue silt loam s e e e s .

Choshuenco sandy loam e s e
Rupanco gravelly coarse sandy loam
Wuillelhue loamy sand e e e e
Pucén coarse sandy loam o e
Osorno very fine sandy loam -

FPelchuquén fine sandy loam
Castro silt loam .+ « « + « « «
Wuelldn silt loam e e e e e
Mafliuales ailt loam e e e
Puerto Lumas sandy loam o e e
Natri peaty fine sandy clay loam
Chepu very fine sandy loam . . .
Rano Kao heavy fine sandy loam .
Vlﬂapu very fine sandy loam .
Poike silty clay loam c w e e a

silt loam, San Patricio facies .
silt loam, Los Pradeos faciles
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48. Fitrufquén heavy sandy loam S T S 1R
L9, Frutillar silt loam 1y

50, Carel fine sandy loam 1

51. Calonje very fine sandy loam . . . « . . e s . P
52. Chillén sand, intergrading to Sta. Ddrbara ‘sandy loam ~ . . . . . . 53

»
=

53, Lonquimay coarse sand, intergrading fo Cautin sandy loam . . . . . 54
54. Villarrica coarse sand, intergrading to Pucdn loamy sand . . . . . 55
55. Antillanca stony sand, intergrading to Chanleufd soils . . « . . . 56
56. Collipull sandy loam + . o . . . . oo e e s e e e e . BT
57. Maguehue loam = . . . . . oL 0L e 58
58, Freire silty clay loam e e e e e e e e e e e e e e e e . B9
59. Maldonado peaty sandy loam’ . . v . . . . ..o 0w ... . 60
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rrofile No,l

Location

sltitude
Heliel

Farent material:

rlant cover

11 cm

ot

. f CI

(SIS

I
o

(1)

near Central station on Arica - La Faz railroad,
apacd I'rovince,

undulat i
revolitie

1
5 N N VRS ) ¢ Ch A e

pinkigh=pgray (50 7,2, dry) very bard and
relatively siwmooth surface above, but honeyco
are occupied by chalky material, probably mira

ed below and the
billite,

whitd

vertical

2000 sravelly very Tine sand,

o
o

ated, locally cemen rumice; with pockets of sol%
hat honeycombed structure; various lavers of
2 pumice.
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Frofile No. 2 =~ Campananl coarse sand

Location : about 8 km southwest of Sapahuira, Tarapacd Frovince.
Altitude 0 3150 m. '

Relief ;o flattish surface of small mesa.

Parent material: rhyolitic pumiceous volcanic ash.

Flant cover : almost barren; occasional scattered Paccharis tola plants.

Frofile

0 -2 cnm very pale brown (10YR 7/4, dry; dark brown, 7.5YH 3/2, moist)
very slightly loamy coarse sand; weakly developed laminar
structure; non-sticky and non-plastic when moist; boundary

distinct,
. . - / \ . »
2~ 9 cn reddish-brown (5YR 5/4, dry) coarse loamy sand with fragments

of decomposing rhyolitic rock; fairly firm when dry, friable
when moist; weakly developed medium blocky structure; very
slightly calcareous; non-sticky and very slightly plastic when
moist; boundary merging,

9~ 18 om yvellowish red coarse sandy loam; frawzipan when dry, fairly
friable when moist; somewhat varicoloured owing to iron-staining
on some of the pumice and rhyolite fragments; breaks under
pressure into fine angular blocks, also faintly stained light
red on surfaces; non-sticky and almost non-plastic when moistened:
boundary distinct,

18 - 22 om pinkish-white rather compact and weakly cemented coarse pumice
sand and gravel; possibly slightly cemented by silica; boundary
diffuse,

DIl e whitish pumice gravel, fairly compact in place but quite loose

when disturbed.



frofile No. 3 - Ocsaya sand

Location
Altitude
Relief

i about 8 km west of Ticnamar township, Tarapacd Frovince.
s 3300 m.
¢ very slightly undulating.

Farent material: mainly rhyolitic volcanic ash with some sheet wash.
Plant cover ! sparse 'tantalagua' bushes.

Profile

2 om

5 cm

Hoem

20 cm

Qlle «

dark brown (7.5YRE 3/2j moist, very pale brown - 10YR 7/4 - dry) sand; in
places this sand drift is very slightly crusted on the surface with salt
crystals and shows some 1&minar Iay@rlmﬂ below; non-sticky and non-plastic
wher moist, boundary sharp; (pil 6.6); the top centimeter of the soil
contains fragments of organic residues from the vegetation,

varicoloured slightly gravelly coarse loamy sand; colours are 'blotchy'
due to uneven weathering within the horizon, possibly related to the
former portion of plant roots; basic colour brown (7.5YR L/1,) when moist,
with patches reddish-brown (5YR 4/4) ery. 7.5YR 6/&, 1ight brown and
5YR 5/4, reddish brOWﬂT with tendency for reddish colours to be stronger
in the vertical fissure pattern and than in the horizontal laminar,
pattern: reddish coloured patches tend to have more clay; whole horizon

friable when moist, but tends to have fragipan crisprness when dry; no
congistent aggregation, and virtually a structureless hori 731; very
nllfitly stbicky and slightly plastic when moist; boundary t net s
(pH 7.0, no effervescence with HCL, local digestion and @fi@ gcence
with B,VQ);

gl1W%T1v gravelly sandy ulay loam (pumice gravel) of general brown colour
(7.5YR 4/ 4, moist; 7.5YR 7/3, pale brown when dry), but faint areas of
more reddish colour are also visible; very friable when moist but distinct
weak cementation when dry, i.e. with fragipan characteristics; massive
structure but breaks into flattened laminar aggregates of sigze of coarse
granules under pressure when dry; very slightly %txckv and slight to
mederately plastic when molst; boundary diffuse (mr 7.2; no effervescence
with HC1l; slight effervescence and digestion wlbh Ho 32),

stratified layers of sandy clay leoam and loamy coarse sand, both mixed
w1th fine p nice gravel; heavier textured layers are from 3 em o 5 om
n thickness, and are distinctly cemented (probably with silica) forming
hard, brztilm iraylpa@% pans interlayvered with loose loamyv coarse sand
completely lacking cementing material; colour of cemented layers is
jYR L/ 6, {xel}ow1bh rzw) when moist, (7.5YR 6/4, dry), finely mottled
R //} and 5YR 7/L; colour of nonwbemo@ﬁed layer is also 5YR 4/6 when
m01 st (5YR 6/L4, light reddish brown, dry) but without mottles; roots of
present vegetation ﬁ@nd to spread laterally between cemented layers and
extend to a depth of 4 35 cm below surface; no consistent form of
structural @grrbpatwc' non-sticky and very slightly plastic when moist;
boundary sharp; (pH 6.8 in non-cemented layers, 7.7 in cemented layers;
weak to moderate effervescence and digestion with HoO2).

soft powlery pumice sand and silty sand; very tightly packed but not
cemented; hard when dry, friable when moist; mass 1ve; non-sticky and non-
plastic w%@m moist; colour light brown ("7.5YR 6/& and pink (7.5YR 5/4)
drys; (pF 7.8 and moderate effervescence with FC1).



Profile No, 4

(4

Chubire sand

Location
Albtitude

Helief

Parent material
Vegetation
Profile

0.5 om

1.5 om

20,0 om

50,0 em

Oy«

weathered; colour of soil 10YR 7/k ~ 7.5YR 7/4 -

at Parinacota-Cauquena-Allane cross-road junction on Chilean
altiplano, Tarapacd Province. ' '
1600 m,

vary gently undulating.

rhyolitic pumiceous volcanic ash.

Stipa ichu grassland and Baccharis tola scrib.

) N 7/ Lt
gs and leaves of tola (pF 6.4),

fwel

dry litter of twi

gray sand (10YR 5/1) sand with very small pumice stones; friable,
non-sgticky and non-plasbtic when moist; single grain structure;
bmem?wmmu(y&&é;mnmmm;wMWanMhHﬁm,no
reactlon with ECL),

very pale brown (10YR 7/4) loamy coarse sand; friable~to-firm

suggestion of a fragipan - very weak cementation); contains
pumice stones up to 1 cm diameter; structureless; non-sticky
and non-plastic when moist; boundary indistinct; (pH 6.75 no
reaction to HgOp or HC1),

similar to last horizon but pumice stones are softer and more
i.e., slightly
pinkish pale brown,

compact weathered cosrase pumice.



Profile No., 5 = rtin sand

Location : saddle between Salar San Martin and Salar Ascotdn, about 20 km

~southwest of Ollagle, Antofagasta Frovince.

Altitude s 3800 m.

Relief ¢ undulating.

Parent material: xed andesitic and rhyoliftic volcanic ash.

Flant cover : ccharis tola scrub, and occasional Stipa tussocks.

Profile

0~ 2 om pale brown (10YR 6/3, dry) fine sand and a little silt; very
frigble; fairly compact in place bub with wealkly developed
laminar structure and weak development of short vertical
fissures; breaks into rather square medium blocks; non-sticky
and non- pl stic when moist; boundary distinct,

2 =10 cm browa (7.5YR 5/L, dry) gravelly Lcaw sand; very friable to
loose; very fine subangular blocky structure breaking to
granules; fine white threads of calcium carbonate near root
channels: non-sticky and non-plastic when moist; boundary
distinct,

10— 16 em pink (7.5YR ”/@, dry) coarse loamy sand with much pumice gravel;
firm 1n place b crumbles readily mh@ﬂ displacnd; no regular
structure; non-sticky and non-plastic when moist; boundary
merging,

16 - 36 cm pinkish-white (7.5YR &2, dry) pumice gravel (and@@iﬁic)*

rather compact and perhaps weakly cemented in place; breaks to
single Tumps of pumice and loose sand; non-sticky and non-plastic
when moist; boundary distinct,

36 -~ L5 cm dark gray (7.5YR 4/0, dry) black basaltic sand; cemented:
slightly fissured and cracks stained reddish yellow; boundary
abrupt,

45 ~ 50 com pale yvellow (2.5YR 7/4, dry) coarse pumiceous sand; weakly
cemented,

N . moderately cemented pumicecus gravels alternating with dark

brown basaltic sand.



Profile No, 6

Location
Altitude
Relief

u
N
3

.

i
o

Parent material:

Plant cover
Profile

O - 15 om

15 - 30 om

Ofls »

v
M

(6)

Loscar sravellv sand

5 km west of Lascar volcano, Antofagasta Province.
about 3000 m.

strongly rolling.

mainly pumiceous volcanic ash.

sparse cover of Baccharis tola with small cacti.

reddish-gray (5YR 5/2, dry; dark brown, 7.5YR 3/2, moist)
gravelly sand; without structure; non-sticky and non-plastic
when molst; boundary diffuse,

brown (7.57R 5/k, dry; redlish brown, 5YR 3/3, moist) sand;
grading to coarse loamy sand towards lower part of this horison;
very friable; somewhat compact in place and without recognisable
structure, but bresks under gentle pressure to irregular sub-
angular blocks and granules; non~-sticky and non-plastic when
moist; boundary diffuse,

reddish brown (5TR 5/4, dry; dark reddish brown, 5YR 3/4, moist)
slightly gravelly loamy sand; weakly developed medium and fine
subangular blocky structure, which breaks further to gramles
and crumbs; non~-sticky and very slightly plastic when moist;
boundary sbrupt, '

hard rhyolitic lava sheet with fissures containing yellowish
brown silty clay loam with pronbunced 'greasy' feel when moist.



-

Profile No,

Location

Altitude
Helief

Parent material:

Plant cover

Profile

O - 15 em

LO - 60 cm

Ofle s

2 km west of Argentinian border, near Coyhaique Alto,

Piedrs Solitaria fine sand

Aysén Province.

700 m.

rolling.

probably mainly subaerial volcanic ash, in part pumiceous,
mixed with volcanic loess.

Festuca tussock grassland.

light brownish gray (107R 6/2, dry; dark brown, 10YR 3/2, moist)
fine sand; very friable, powdery when dry; no structure; non-
sticky and non-plastic when moist; boundary distinct,

dark grayish brown (10VR 4/2, dry; dark brown, 7.57R 2/ 2 -

10YR L/3, moist) slightly loamy sand; very friable, somewhat
powdery when dry; extremely weak blocky structure, easily
powdered to single grains; non-sticky and non-plastic when moist;
boundary merging,

light yellowish brown (10YR 6/L4, dry; yellowish brown, 10YR 5/6,
moist) rather coarse sand with fine pumice fragments; friable,
but slightly compact in place; easily broken into irregular
weakly developed blocks and granular aggregates; non-sticky and
non-plagtic when moist,

darker yellowish brown stony sandy clay.
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Frofile No, 8 -~ Sora verv fine sandy loam

Location ¢ 55 km east of Chacabuco, Lluta Valley, Tarapacd Province.
Altitude i about 1000 m.

Helief ¢ steep, loess-covered lower valley sides.

Parent materdial: fine loessic dust from river bed.

Plant cover ¢ barren.

Profile

o g o i R » .- 7 N .
O - 5 om pale brown (10YR 6/3) dry, or dark yellowish-brown (10YR 4/4)

)
moisgt, very fine sandy loam; loose or very friable; non-sticky
but very slightly plastic when moistened; almost structurelesg

&

o0

3
slight tendency for very wesk fine blocky aggregation; pH 4.9;
nen~calcareous; very slight reaction with hydrogen peroxide;
boundary diffuse,
. . . g e / ) M o e/
5« 15 om light vellowish~brown (10YR 6/4) dry, or strong brown (7.5YR 5/4)

ist, very fine loamy sand mixed with some fine angular
liparitic gravel; friable to loocsge; non-sticky and non-plastic
when molstened; very weakly developed irregular medium blocky
structure breaking to crumbs and single grains under very slight
pressure; pi 6H.8; non-calcareous; no reaction to hydrogen
peroxide; boundary distinct,

on.. light brownish~gray (10YR 6/2) dry, or dark grayish-brown
(10YR 4/2) moist, gravelly sand with angular rock fragments;
salt-impregnated and slightly cemented; non-sticky and non-
plastic when moist; weak laminar stracture in gravel; pH 7.5;
no reaction Lo hydrogen peroxide; boundary not seen.




(9)

Profile No, 9 =~ Alhue sandy Joam

Loecation : about 3 km south of Los Wuillayes, OfHiggins Province
Altitude ;130 metres.

Relief ¢ strongly rolling.

Parent material: siliceous pumiceous rhyolitic volcanic ash.

Plant cover : Guillay forest with litre, boldo, etc.

Profile

O - 15 cm dark b rown (10YR 3/3, moist) sandy loam; rather firm in place

but brvwklpw with difficulty when displaced when slightly drv,
friable wh@n thorcughly molst, very hard when very dry;
moderately developed medium bub@ﬂpulmr blocky structure
breaking to fine blocks and granules; non-s fickv and non-
plastic when moist; boundary distinct, (field pH 5‘9),

15 « 30 em brown to dark brown (10YR L/ 3, moist ) fine sandy loawn; friable
when throughly wetted, but somewhat hard when dry; moderately
developed medium and fine subangular blocky structure, breaking
to very fine granules and crumbs; occasional fine moderately
hard concretions of manganese-humus compoupdS, non-sticky and
non~plastic when moist; boundary abrupt, (field pH 6.3/,

30 - 33 cm dark brown (10YR 4/3 - 3/3, moist) very strongly cemented hard
' pan consisting of fine pumiceous sand cemented with silica, not

soluble in either cold or hot water, lower limit abrupt,
(field pH 6.3),

33 =~ L8 cm dark vellowish brown (10YR 4/4, moist) fine pumiceous sand with
occasional small pumice stones; very friable to loose; no
recognisable structure in the mass but breaks readily to very
weakly developed very fine angular blocks, and further to
separate sand grains; non-sticky and non~pla%f;c when moist;
b@upd@?y diffuse, (field pH 6.0)

OT s very pale brown (10TR 7/3, moist) fine pumiceous sand; loose
‘ and powdery; no visible structure in the mass or when extracted
“from profile; non-sticky and non-plastic when moist; continues
to more than 1 metre, (field pi 7.6).



Frofile No, 10

Location
Altitude

Helief

Parent material

Flant cover

Profile

- 19 cm

19 - 25 ¢m

B

o - LO om

on. .

e

(10)

Loreto peaty loamy sand

about 10 kit southwest of Funta Arenas city on road to
Ski Club, Magallanes Frovince.

about 34@ metres.

strongly undulating uplands,

terminal moraine materials of 4th glaciation with 1light
covering of siliceous volcanic ash.

Magallanes deciduous forest with filrre and lenga.

very dark brown (10YR 3/2, moist) slightly sandy loamy peat;
slightly flbraum and with dlvtzmot laminar structure; boundary
abrupt, (ph 4.9),

gray to pale gray (10YR 6/1, moist, slightly peat~stained fine
gandy loam; rather Iirmy hard when dry; coarse laminar structure

Formed of horizmontally flattened angular aggregates of medium

T
to fine gige; slizghtly sticky and very Wllgh*iy plastic when
moist; boundary abrupt and wavy; (pH 4.6),

dark reddish brown to reddish brown (5YR 3/3 - L/j, moist ) very
fine sandy clay loam to eilty clay loam; friable~to-firm whe
moist, slightly hard when dry; moderately developed medium

“blocky structure breaking readily to granules; aggregates

slightly and irregularly coated with clayskinsg, with organic
matter and with some iron oxide accumulation; aggregates
glightly crisp; moderately sticky aﬂd slightly plastic when
m017tﬁ boundary diffuse, (pH 5.0

reddish brown (5YR A/BQ moist ) heavy sandy loam; compact in
nature; very hard when dry; appears to have a very strongly

developed laminar structure probably inherited from the glacial

parent materials; slightly sticky arid slightly plastic when
pu]erns@& and moistened; boundary indistincet, (pF 5. 2)

reddish brown (5YR 4/3, moist) sandyrloam to loamy sand; some-
what compact but less so than last horizon; strongly marked
glacial-compression horizontal striations, with some accumu-
lation of dron in the cracks; grading into very gravelly and
stony glacial materials,



Profile No, 11 =

(11 )

Hornillos fine sandy loam

Location :
Altitude R
Helief :
Parent material:
Plant cover :
Profile

0 - 15 cm

15 - 35 ¢m

35 -« 60 com

6O - 140 em

Ols &

2.5 km wwsf Of untranc of Fornillos irrigation tunnel,
: .

undulating terrace, somewhat dissected and eroded.
volcanic abh and voluam;g loess, andesitic.
secondary forest with 'roble maulino', radal, canelo.

N

dark brown (7.5YR 3/2, dry; 5YR 3/4, dark reddish brown, moist)
fine sandy loam; very friable; breakw readily to verv fine
granules and crumbs; non-sticky and non-plastic when moist;

‘boundary diffuse,

reddish brown (5YR 4/! L, dry; dark reddish brown, 5YH 3/ 4, moist )
sandy loam: friable-to-firm; weakly developed coarse and medium
subangular blocky structure, breaking easily to crumbs and very
fine granules; non-sticky and non-plastic when moist; boundary
distinct,

ht

brown (7.5YR 4/4, dry and moist) silty clay loam to very lig
clay loam: firm-to-friasble; moderately well developed ¢
sngular blocky structure, almost weakly prismatic, breaking
fairly easily to very fine blocks and coarse granules; very
glightly stlcky and slightly plastic when molst; boundary
diffuse,

N
tHe

muin 1y strong brown (7.5YR 5/A, dry; dark /eixow”wh browrn,

OYR L/k, moist) with patches of weak red (107R 4/3, dry;
110w1sh red, 5YR 5/6, moist) caused by included fragments
of andesitic rouk silty clay loam; firm, hard when dry; very
strongly developed very coarse blocky structure, breaking with
difficulty to irregular medium and fine blocks; very slightly

sticky and slightly plastic when wet; boundary merging,

weathering andesitic rock.



{12 )

Profile No, 12 =~ Maitén very fine sandv to silt loam

se

Location 22 km east of San Clemente, Talca Province
Altitude ¢ about 600 metres.

Relief t undulating to rolling.
Parent material: volcanic loess, mixed andes

8 ¢ and rhvolitic.
Plant cover ¢ maitén, boldo, litre, 'robl

iti
e maulino’, maguis, etec.
Profile

- 30 cm brown to dark reddish gray (7.5 = 5YR 4/2, dry; very dark
‘ brown, 10YR 2/2, moist) very fine sandy loam to silt loam:
very Iriable; very weakly developed fine blocky structure,
breaking easily to fine pgramiles and crumbs; very slightly
sticky but non-plastic when moist; boundarv distinct,

20 - 70 om vellowish brown (10YR 5/L4, dry; dark yellowish brown to dark
brown, 10TR - 7.5YR L/4, moist) silt loam: friable-to-firm;
wealdly developed coarse blocky structure breaking to medium
and fine blocks, and further to coarse granules; practically
non-gticky but very slightly plastic when moist; boundary
distinct,

70 - 150 cm dark vellowish brown (10YR 4/4, dry; dark brown to dark reddish
brown, 7.5YR 4/4 - 5YR 3/2, moist) heavy very fine sandy loam
with occasional small stones; firm-to-friable; no visible
structure in place but breaks to weakly developed irregular
blocks of coarse size, and further to fine angular blocks and
granules; slightly sticky and moderatelw plastic when moist;
boundary distinct,

Tl dark yellowish brown fine sandy clay loam with occasional
layers of fine stones, stream-bedded; grading with increasing
deptin to old river gravels.



Profile No, 13 -

N

(13

Trepualemu vervy fine sandy loam

Location :
Altitude :
Relief :
Parent material:
Plant cover :
Profile

O - 15

80 - 100 em

Ol.

10.4 km east of Cobguecura, Maule Province.

375 metres.

undulating.

probably mainly volcanic loess.

forest with boldo, litre, arrayén, maitén, etc.

srovm (10YR 4/3, dry; very dark grayish brown, 10YR 3/2, moist)
very fine sandy loam; friable; breaking on separation from the
mass into very fine blocks, granules and crumbs; non-sbicky
and very slightly plastic when moist; boundary distinct,

light vellowish brown (10YR 6/4, dry; dark brown to dark
reddish brown, 7.5YR 3/2 ~ 5YR 3/3, moist) silty clay loam to
loam; very friable, somewhat powdery when dry; very weakly
developed medium blocky structure, breaking to very fine blocks,
granules and crumbs; very slightly sticky and slightly plastic
when moist; boundary diffuse,

dark yellowish brown (10YR 4/L, Ary; dark reddish brown to
brown, 5YR 3/4 - 7.5YR L/L, moist) silty clay loam; friable-~
to-firm; almost without defined structure in place but breaking
under slicht leverage to very weakly developed irregular blocks
of all sizes, and these break further to pranules and crumbs;
moderately sticky and moderately plastic when moist; boundary
abrupt,

compact, mottled clayey beds with a pronounced stone layer
along contact; red, white and yellowish brown sandy clay lies
below the shtone line; grading to weathered shaley beds at
about 170 cm.



Profile

No. 14

v

Sirresuac slichtly loamy sand

Location

Altitude

reliefl
Parent material:
Flant cover

“

12

J

Profile

0 - 2.5 om

a’ff,'f)

-~ 12 cm

- 50

Ofle »

cm

o
°

about 1U km west of Coyh
Avsén Province,

ahout 600 metres.

gently rolling.

mainly andesitic and rhyvolitic wvolcanic ash.
PMirre forest of dwarf stature.

o on road to Coyhaique,

dry leaves and twigs derived from filrre forest,

dark reddish brown to dark brown (7.5 -~ 5TR B/Qﬁ moist )
slightly loamy sand; very friable, “mwﬂovw when dry; no
recognisable structure; non-gticky and non=plastic when moil:
boundary distinct,

dark brown to dark yellowish brown (10YR 3/L - 7.5YR L/4,
moist) sand; very fll%biwﬁ powdery when dry; very weakly
developed fine blocky structure powdering easily to single
grain: non-sticky and non-plastic when moist; boundary
merging,

yellowish-brown to brown (10YR 54 - ;.)Ji @/h, mozftj coarse
gand; very {riable; no 1
when moist; boundary diffuse,

pale yvellowlsh brown very coarse sand.
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Profile No., 15 =~ Laguna del Maule loamy sand

about 1 km northwest of Laguna del Maule, Talca Frovince

Location :
Altitude ¢ 2060 metres.
Helief o rolling to shrong rolling.

Farent material: pumiceous rhyolitic volcanic

Fooof mainly subaerial origin,
mixed with some volcanic loess. '

Flant cover ¢ tussock grassland, in part Stipa, Festuca etc
frofile

O - 40 cm light brownish gray (107R 6/2, drv; very dark sray brown
10YR 3/2, moist) loamy sand; very ffl&b?@, without ”fFZCVmY”
in the mass bub when carefully levered out from the mass,
bresks Ento very weakly developed, regular medium blocky
structure; non-sticky and non-plastic when moist; boundary
distinet, :

O ~ 85 om light rediish brown to reldish vellow (5YH &/4 ~ &/6, dry;
reddish brown to yellowish rmﬁ EYR 5/k4 ~ 5/6, moist) heavy
sandy loam; frisble~to-firm; W@ﬁklv developed irregular blocky
structure, bredking to granules under pressure; slightly sticky
and s llfht ~to-moderately kl@»%lc when moist; boundary distinct,

Ofs s weathering pinkish andesitic (acid) rock.



Frofile No, 16

(16 )

Santa Barbara verv fine sandy loam, Chilldn facies

Location
Altitude
Relief

Parent material
Flant cover

Profile

U - 20 o

=

20 - B0 cm

50 - 90 cm

90 - 140 om

G2

140 - 180 em

r‘*

O »

30 km southeast of Chillédn, near Recinto, ‘uble Province.
about 1&7b metres.

flattish ridge in strongly rolling landscape.

mainly subaer: andesitic ash mixed with loess

roble forest, with canelo, olivillo, etc.

dark brown \jOY% L3, dry; very dark brown to dark reddish
brown, 7.5YR 3/2 to 5YR 3/2, moist) very fine sandy loam;
friables weakly developed very fine subangular blocky %truv*ur@
with an abundance of fine and very fine granules, and crumbs;
many roots; non-sticky and very slightly plastic when moist;
boundary distinct,

dark yellowish brown grading to yellowish brown (10YR q// and
OYR 5/ 4, dry; dark reddish brown to dark brown, 5YR 3/3 +o
7.5YR 3/2, moist) very fine sandy loam to loam with fairly hard
rounded nodules composed of aggregated soil material; very
friable indeed, soft and powdery when dry; very porous; very
fine granular and crumb structure; not easy to wet, but when
moist is non-sticky and practically non-plastic; boundary
diffuse,

yellowish brown (10YR 5/4, dry; reddish brown, 57R 5/4, moist )
loam; friable-to~firm, slightly hard when dry; moderately well
developed medium subangular blocky structure, breaking to coarse
and fine granules; somewhat difficult to wet, but when moist
shows no stickyness and very slight plasticity; very weak
indications of <¢lay flows on larger peds; boundary merging,

yellowish brown (10YR 5/4,, dry; dark brown to brown, 7.5YR L/,
moist) silty clay loam; firm-to-friable, often rather hard when
dry; moderately well developed coarse and medium subangular to
angular blocky structure, with some weak indication of clay
flows on surface of aggregates, breaking to fine blocks and
coarse granules; norn-sticky and slight~to-moderately plastic
when moist; boundary distinct,

pale yellowisi brown (10YR 6/4, dry: strong brown, 7.5YR 5/6,
moist ) slieghtly gravelly sandy clay loam with decomposing
lumps of pumice; firm and compact, hard when dry; no recog-
nisable structure in the mass, breaks irregularly; slightly
sticky and moderately plastic when moist; boundary sharp,

various strata of andesitic ash and pumiceous rhyolitic ash
contiruing to a depth of over 4 netr,b”



(17 )

Profile No., 17 = Santa Biarbara verv fine sandy loam, Sants Birbars facies

Location - :. 5 km northwest of Santa Barbara township, Bio-Bio Province.
Altitude ¢ about 480 metres. ‘ '

Relief : rolling, strongly dissected in part.

Parent material: andesitic volcanic materials, mainly loessic.

Plant cover i secondary scrubland with romerillo, ete..

Profile

0 - 20 om dark brown (1CYR 4/3, dry; dark brown to dark reddish brown,

7.57R. 3/2 -~ 5YR 2/2, moist) very fine sandy loam to silt loam;
very‘friable;Awaakly developed fine subangular blocky and
granular structure; very slightly sticky and plastic when molst;
boundary distinct,

20 - L5 cm . brown (10YR 5/3, dry; very dark gray brown, 10VR 3/2, moist)
silt loam; very friable indeed, soft and 'fluffy' when dry;
strongly developed very fine blocky to fine granular structure;
abundant rounded nodules formed of aggregated soil material,

-some baked into brick-like fragments and pinkish in colour;
very difficult to wet, but when moist is non-sticky and only
very slightly plastic, 1f at all; boundary diffuse,

L5 - 125-cm . pale y@ll@%ish brown (L0YR 6/4  dry; brown tﬂ_gt?ong brown,

: - 7.5YR Ly h ~ 5/6, moist) rather heavy silt loam:; friable-to-firm,
slightly hard when dry; weakly developed coarse blocky structure
with slightly longer vertical axis (dries out in road banks to
a very weakly developed prismatic Structure}, peds breaking
under further pressure to fine blocks, granules and crumbs;
very. slight indicatiors of clay flows; very slightly sticky and
slight-to-moderately plastic when moist; boundary diffuse,

125 = 220 em- strong brown to reddish yellow (7.5YR 5/6 - 6/6, dry, brown,

O 7.5YR L/ L, moist) silty clay loam:; firm, hard when dry; very
coarse, irregular prismatic-blocky structure, breaking further
to medium. angalar blocks and coarse granules; very occasional
clayskins on peds; slightly sticky and plastic when moist;
boundary sharp,

O e older volcanic ash materials, mainly yellowish brown, compact,
: clayey, and well structured.



Profile No, 18

(18)

Santa Barbara very fine sandy loam, Mulchén facies

Location
Altitude
Relief

Parent material:
FPlant cover :

PP

Profile

(surface

O -~ 2 om

fa
!
2
N
g
=]

o
&3
H

32 cm

32 - 65 om

65 — 130 cm

Ofle s

34.5 km east of Mulchén, towards E1 Morro, Malleco Province.
535 metres

very slightly undulating.

andesitic volcanic ash, subaerial and loessic.

roble forest. '

litter of dry leaves and twigs about 3 cm in depth)

dark brown (7.5YR 3/2, dry; very dusky red, 2.5YR 2/2, moist)
slightly peaty very fine sandy loam; very friable; very fine
crumb structure; non-sticky and non-plastic when moist; boundary
distinet, (pH 6.0 /But patches of fungal mycelia have pH 5.07),

dark brown to dark reddish brown (7.5 - 5YR 3/2, dry; dark
reddish brown, 5YR 2/2, moist) very fine sandy loam to loam;
friable~to-firm when molst; very fine blocky and granular
structure; very many roots; very hard to wet when dry, but
non-sticky and very slightly plastic when moist: boundary
diffuse, (pH 5.4),

brown (7.5YR 4L/L, dry; dark brown, 7.5YR 3/2, moist) loam;
friable, loose and soft when dry; very weakly developed very
fine subangular blocky structure, breaking to very fine granules;
occasional rounded, very firm, very fine (one-eighth to one
sixteenth cm diameter) nodules of soil; non-sticky and very
siightly plastic when moist; boundary diffuse, (pH 5.6),

brown (7 5YR 4/), dry; dark brown to dark yellowish brown,

7.5YR 3/2 - 10YR 4/4, moist) loam to silty clay loam; very
friable, very loose and 'fluffy' when dry; weakly developed
blocky structure, but when dry in road banks shows irregular
prismatic structures; ultimate peds in moist soll are no larger
than crumbs; numerous hard nodules of goil, some up to 1/M om
in diamster; very hard to wet if thoroughly dry; non-sticky but
moderately plastic when thoroughly moistened; boundary diffuse,

dark yellowish brown (about 7.5YR 5/6, dry; 10YR L/4, moist)
silty clay loam; friable~to-firm; very weakly developed blocky
structure, barely discernable in the mass of moist soil (but

road banks show very strong, 1f irregular, prismatic structures),
breaking to granules; very slightly sticky and moderately
plastic when moist; boundary distinct, (pH 5.8),

stratified yellowish-brown ash shower layers and ash beds in
part pumiceous, and in some cases compact and very hard when
dry, (pH 6.0 - 6.4).



Profile No. 19

(19 )

Arravin silt, loam

20 km southeast of Chilldn, near Quiriquina, luble Province.

flattish to very gently undulating.

Location :
aAltitude’ 0 340 metres.
felief :
Parent material:

Plant cover

Profile

O - 50 em

50 - 140 em

140 - 180 o

Olle

volcanic alluvium over river gravels.
improved grassland (originally forest with roble but cleared
and farmed about 150 years ago).

dark gray (L0YR 4/1, dry; black 10YR 2/1, moist) silt loam;
friable-to-firm; moderately developed coarse irregular sub-
angular blocky structure, breaking to coarse, irregular
granules; non-sticky and very slightly plastic when moist;
boundary distinct but somewaht disturbed by worm action; some
pale yellowish worm-mottling at the base of this horizon,

pale yellowish brown (10YR 6/4, dry; dark yellowish brown,
10YR 4/L, moist) fine sandy loam; friable; moderately well
developed medium and fine blocky structure in moist soil, but
in dry ditch sides a very strong vertical fissure pattern
appears, resembling elongated prisms; very slightly sticky and
moderately plastic when moist; boundary distinct,

brownish yellow (10YR 6/6, dry; yellowish brown, 10YR 5/6,
moist) sandy clay loam; firm; strongly developed coarse angular
blocky structure, breaking to finer blocks and coarse granules;
slightly sticky and moderately plastic when moist; boundary

sharp,

partially-cemented fine river gravel and clay.



Profile No, 20 =~ Bgguales fine sandy loam

Location : Baguales Alto, about 7 km from Coyhaicue, Aysén Province.
Altitude : about 300 metres. ‘

Helief ¢ gently rolling uplands.

Parent material: subaerial andesitic volcanic ash.

Plant cover ¢ lenga forest, recently felled; in part sown in grass.

Profile

0 - 18 cm dark brown (7.5YR 3/2, dry; dark reddish brown, 5YR 2/2, moist)

fine sandy loam; friable; weakly developed medium granular
structure, breaking easily to crumbs; non-sticky and very

slightly plastic when moist; boundary distinct,

18 —~ L3 em . brown (7.5YR g/a, dry; dark brown, 7.5Y1 3/2, moist) sandy
loam; friable-~to-firm; strongly developed coarse blocky
sbructure, breaking to gramules; non—sticky and very slightly
plastic when moist; boundary merging,

L3 - 75 com dark yellowish brown to brown (10YR - 7.5YR A4/4, dry; dark
yellowish brown to yellowish red, 5YR 3/h -~ Q/é, moist) heavy
sandy leoam; firm; weakly developed coarse blocky structure
breaking to fine angular blocks and coarse gramules; very
slightly sticky and slightly plastic when moist; boundary
distinet, '

Ol coarse gravelly sand with some clay; gravel is mainly pumiceous.



Frofile No., 21

( 21 )

Cautin silt loam, San Patricio faclies

Location
Altitude
Helief

Parent material
Flant cover

Profile

O - 15 em

15 - 30 om

30 ~ 90 em

90 ~ 120 em

Ole

12 km north of Curacautin, road to Termas de Tolhuaca,
Cautin Province.

585 metres.

rolling downland. ,

andesitic volecanic ash, mainly subaerial.

roble forest

dark grayish brown (10YR 4/2, dry; very dark brown, 10VR 2/2,
moist) silt loam with very slight fine sandy feel; friable-—to-
firm; very strongly developed very fine angular blocky structure;
very slightly sticky and slight-to-moderately plastic when
molst; boundary diffuse, o

brown (10YR 4/3, dry; dark brown, 7.578 3/2, moist) silt loam;
friable-to-firm; moderately developed medium and fine subangula
blocky structure breaking very readily to fine granules and
crumbg; fritters away easlily in exposed road banks; slightly
gblcky and moderately plastic when moist; boundary distinct,

brown to strong brown (7.5YR 4/4 - 5/6, dry; brown, 7.51R 3/2,
moist) silty clay loam; very friable, soft and loose when dry;
rather structureless in the mass tut breaks into weakly
developed blocks of all sizes, also granules and crumbs; slight-
to-moderately sticky ahd moderately plastic when moist; between
50 and 90 cm there is a discontinuous band of light yellowish
coarse pumiceous material as if an old mud shower layer had

been incorporated; boundary of main horizon distinct,

yellowish brown (10YR 5/6, dry; dark yellowish brown, 10YR 4/4,
moist) heavy silty clay loam to light clay loam; firm-to-
friable, slightly hard if very dry; strongly developed coarse,
regular blocky structure with longer vertical axes to individual
aggregabes, breaking to granules and some crumbs; has prominent
shrinkage cracks in exposed road cuts when dry, giving
appearance of irregular columnar, or coarse prismatic structure;
moderately sticky and moderately-to-strongly plastic when moist;
boundary distinct,

pale yellowish brown slightly sandy (pumiceous) clay loam,
followed by other depositional strata, some silty and compact,
gome sandy and less compact.



Frofile No, 22~ Cautin silt loam, Los Prados facies

Location :  'Los Prades' estate, about 55 km northeast of Temuco,
Cautin Province.

Altitude 1 525 metres.

Relief ¢ very gently rolling.

Parent material: andesitic volcanic ahs, mainly subaerial.

Flant cover ¢ secondary scrub, with michay, chacay, romerillo and some
Festuca tussock grassland., Original roble forest felled
50 years ago, and land used occasionally for wheat; last

wheat sown 5 years ago.

Profile
0~ 25 cm very dark gray (10YR 3/1, dry; black, 5YR 2/1, moist) silt loam;

friable; very fine granular structure; non-sticky and non-
plastic when moist; boundary distinch,

B
A%

- 60 cm brown {7.5YR 4/4, dry; very dark brown to reddish brown,

' 7.5YR 3/2 - 5YR 4/4, moist) silt loam; firm-to-friable;
strongly developed coarse blocky structure, breaking to medium
and fine angular blocks, and breaking further to crisp coarse
granules; all peds rather crisp; very slightly sticky but
slight-to-moderately plastic when moist; occasional clayskins
seen on larger aggregates; boundary diffuse,

60 — 80 em “brown to strong brown (7.5YR 5/L - 5/6, dry; brown to dark
: - yellowish brown, 7.5YR 3/2 - 10YR 4/4, moist) silty clay loam;
" rather firm; no recognisable structure in the mass, but breaks
into weakly developed angular blocks, and these break further
to very fine blocks, granules and crumbs; slightly sticky and
moderately plastic when moist; boundary diffuse,

80 = 120 com light brown (7.5YR 6/4, dry; strong brown, 7.5YR 5/6, moist)
clay loam grading to sandy clay loam; firm-to~friable; no
recognisable structure in the mass bubt can be readily broken
to blocks of all sizes and granules; slightly sticky and
plastic when moist; contains fragments of pumice in lower part:
boundary distinct,

O « stratified older ash beds and shower layers of general strong
brown to dark yellowish brown. colour. :



(23 )

Profile No, 23 ~ Cautin silt loam, Cumbli facies

Location i 43 km southeast of Pamugo on road to Cunco, Cautin Province.
Altitude i about 480 metres.
felief ¢+ gently rolling.
Parent material: andesitic volcanic ash, in part loessic.
Plant cover ¢ roadside grasses, formerly roble forest.
Profile
15 ¢em brown to dark brown (7.5YR 4/2 ~ 3/2, dry; dark reddish brown

to dark brown, 5YR 3/4 - 7.5YR 3/2, moist); silt loam; firm-to-
friasble; weakly developed coarse subangular blocky structure
breaking to fine granules and crumbs; non-sticky and non-
plastic when moist, boundary distinct,

15 - 21 em brown (7.5YR 5/2, dry; reddish brown to brown, 5YR 4/ to
7.5YR L/, moists ailt loam; very friable, loose when dry;
very weakly developed irregular blocky structure, that crumbles
almost at once to very fine grarules and crumbs, except for
some larger lumps that are aquite firm and more resistant to
pressure; non-sticky and very slightly plastic; boundary very
diffuse and irregular, '

21 - 95 cm yellowish brown (10YR 5/k, dry; strong brown to brown,
7.5YR 5/6 - L/L, moist) silty clay loam; firm, slightly hard
when dry; strongly developed very coarse blocky structure with
long vertical axes, breaking to coarse, medium, and fine blocks
and granules; dry road banks show prominent vertical shrinkage
cracks, giving appearance of irregular columns; small
aggregates porous; larger aggregates with weak clayvskins;
slightly sticky and slight to moderately plastic when moist;
boundary diffuse,

95 -~ 150 cm similar to above but heavier silty clay loam, boundary
distinct,

150 - 180 enm strong brown to yellowish brown (7.5YR 5/6 ~ 10YR L/L, moist)
clay loam; firm; strongly developed medium and fine angular
blocky structure with porous aggregates and surface clayskins;
slightly sticky and moderately plasbtic when moist; boundary
distinct,

180 - 390 cm strong brown to yellowish red (7.5YR 5/6 5YR 4/6, moist)
when cut with spade, but reddish brown (5YR 3/3, moist) on
exposed face of road bank; silty clay; firm; slightly prismatic
structure, breaking under strong pressure to medium and fine
blocks and granules; many claybklns and pressure faces; peds
very finely porous; slightly sticky and moderately plastic when
molst; boundary diffuse,

ON. « older ash beds, with marked stratification; general colour
yellowish~red when moist; mainly silty clays, and well structured.
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Profile No., 24 ~ Icalma loamvy coarse sand

Location

Altitude
Relief

Parent material
Plant cover

Profile

O

H

30 em

30 -~ 55 cm

55 - 820 com

g0 - 170 om

170 - 210 cm

210 ~ 230 cm

Ollv «

about. 0.5 km west of post office, Icalma settlement , -
Malleco Province,

1090 metres.

strongly rolling.

rhyolitic pumiceous ash.

rough pasture, formerly Araucaria forest.

black (10YR 2/1, moist) loamy coarse sand; firm-to-friable;
weakly developed coarse blocky structure breaking to very fine
granules and crumbs; non-sticky and very slightly plastic:
boundary diffuse,

dark brown (10YR 4/4, moist) loamy coarse sand; friable to wvery
friable; strongly developed very fine granular and crumb
gtructure; very slightly sticky and sliehtly plastic when molst;
boundary merging,

brown to dark yellowish brown (10YR 4/3 - 4/4, moist) coarse
sandy loam with lumps of weabthering pumice; very friable; very
strongly developed fine granular structure; very slightly
sticky and very slightly plastle when molst; boundary sharp,

yellow (10YR &/6, moist) pumice gravel; firmly packed; pumice
lumps angular and ranging in size from 9 cm to less than 1 com;

‘some fine black gravel mixed with the pumice; boundary diffuse,

very dark gray brown (10YR 3/2, moist) coarse sandy loam;
friable~to-firm; no clearly distingulshable sbructure in the
mass, but breaks to very fine granules and crumbs; slightly
sticky and slightly plastic when moist; (most probably
represents an old, buried topsoil horizon); boundary diffuse,

dark grayish brown (10YR 4/2, moist) slightly gravelly sandy
loam; firm-to-friable; no visible structure in the mass, but
breaks to irregular fine blocks and granules; lumps of
weathering pumice throughout this horizon; slightly sticky but
only very slightly plastic when molst; boundary merging,

strong brown (7.5YR 5/6, moist) gravelly sandy loam, with
numerous pumiceous strata conbinuing below for over 5 m.



Profile No. 25

(25)

Viledn loam to silt loam

Location

Altitude
Relief

Parent materials

Flant cover

(surf&oe

O - 3Q‘cm
30 - 60 em
60 ~ 90 em
30 ~ 120 em

Ol .

Ministry of Agriculture Experimental Station

"Santa Amalia", Vilein, Cautin Province.

about 180 metres.

flattish.

volecanic alluvium.

remnant of original roble forest, with laurel, lingue
and coigle. o

layer of leafy mull, about 1.5 cm thick, very granular)

dark grayish brown (10YR L/ 2, dry; very dark brown, 10YR 2/2)
moist; dark brown, 10YR 3/4, crushed) loam to silt loam:
friable-to-firm; very strongly developed very fine blocky and
coarse granular structure; non-sticky, slightly plastic when
molsts many worm casts on surface; boundary distinct,

brown (7.5YR 4/4, dry; dark brown to brown, 7.5YR 3/2 to
10YR 3/3, moist; dark brown to dark yellowish brown, 10VR 4/3
to 4/4, crushed moist) very fine sandy loam with occasional
very fine rounded gravels; friable; very weakly developed
medium and fine blocky structure, breaking to very fine
granules and crumbs; very slightly sticky and slightly plastic
whernn molst; boundary diffuse,

yellowish brown (10YR 5/4, dry; dark yellowish brown, 10YR A/h,
moist; strong brown, 7.5YR 5/6, crushed moist) fine sandy loam
with more common small rounded stones; very friable; no visible
structure in the mass but breaks to fine granules and crumbs;
non-sticky and very slightly plastic when moist; boundary
distinct,

yellowish brown (10YR 5/6, dry; dark yellowish brown to
vellowish brown, 10YR L/ - 5/k, moist) loamy sand with

‘abundant fine gravel and some larger stones; firm and rather

compact, perhaps lightly cemented with iron oxides; no visible
structure in the mass, breaks irregularly; slightly sticky,
slight~to-moderately plastic when moist; boundary merging,

less compact gravelly loamy sand of similar colour to last
horizon, firm, and without visible structure in the mass.
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Profile No. 26 ~ Temuco silt loam, deep phase

Location 26 km south of Temuco, near Pitrufquén, Cautin FProvince.
Altitude about 110 metres. S '
Helief ¢ flattish.

Parent material: wvolcanic alluvium, mixed with volcanic loess.

Plant cover ¢ roadside grasses, formerly roble and linpue forest.

as  es

G - 15 cm dark grayish brown to brown (10YR 4/2 - 4/3, dry; dark brown,
J10YR 3/3, moist) silt loam; slightly firm when moist, slightly
hard when dry; moderately developed fine subangular blocky
structure; slightly sticky and slightly plastic when moist;
boundary distinct,

15 - 30 cm brown (10YR 4/3, dry; dark yellowlsh brown, 10YR A4/4, moist)
» silt loam; very friable, soft and somewhat loose when dry;
weakly developed medium subangular blocky structure breaking
easily to very fine granules; slightly sticky and slightly
plastic when moist; boundary diffuse,

30 - 50 om dark yellowish brown (10VR A/h, moist) silt loam; loose and
friable when moist, soft when dry; many round insect chambers
('peloteros') in this horizon; very weakly developed medium
subangular blocky structure breaking to fine blocks and granules;
slightly sticky and slightly plastic when moist; boundary
diffuse, .

50 - 70 cm yellowish brown (10TR 5/6, dry; dark yellowish brown, 10¥R 4/6,
, moist ) silt loam to heavy silt loam; very friable, soft and
Hilaffy ' when dry; irregular very fine granular and crumb
gtructure; slightly sticky and slightly plastic when moist
~boundary distinct,

170 em. . slightly cemented medium sand with lines of rounded gravel,
some of latter are coated with manganese and iron, boundary
distinet,

70

!

on. . grayish to olive brown semi-cemented gravels and sand,



Profile No, 27

(27 )

Trevolhue very fine sandvy loam

Location

Altitude
Relief

Parent material:

Flant cover
Profile

O - 20 cm

LE - 70 em

On“

s

approximately 17 km from Carrahue on road to Colonia
Matte y Sanchez, Cautin Province.

about 250 metres.

gently rolling. :

volcanic loess blown from adjacent river bed, mixed
with local micaceous loess from schist hills.
roadside grasses, formerly roble forest.

dark brown (10YR 4/3 - 2/2, dry; dark brown, 7.57R 3/2, moist )
very fine sandy loam; friable; strongly developed fine sub-
angular blocky structure, breaking to fine granules and crumbs;
rion-sticky and very slightly plastic when moist; boundary

diffuse,

yellowish brown (1OYR 5/&, dry; dark yellowish brown, 10YR 4/L,
moist) heavy silt loam; friable; very weakly developed blocky
structure breaking irregularly to fine angular blocks, granules,
etc.; slightly sticky and moderately plastic when moist;
boundary merging,

yellowish brown (10YR 5/6, dry; dark yellowish brown to brown,
10YR L/ 4 ~ 4/3, moist) silty clay loam; very friable; moderately
developed coarse blocky structure with decided prismatic
appearance, breaking to crumbs very readily; dry road banks

show strong vertical shrinkage cracks resembling irregular
columns; slight-to-moderately sticky and slight-to-moderately
plastic when thoroughly moist; boundary abrupt,

dark reddish brown (2.5YR 2/4, moist) silty clay of the much
older volcanic ash beds in which kaolinitic clays are dominant;
very strong prismatic structures; very strongly plastic



( 28)

Frofile No, 28 =~ Puerto Octay silt loam

Location

Altituds
Relief

Parent material:

Flant cover

Profile

0 « 1% ecm

33 - 59 em

59 ~ 100 em

1

~

D0 - 128 om

i
A,

Olls

Uentinela Zxperimental Station of FKinistry of Agriculture,
Fuerto Uctay, Usorno Province.

"about 200 metres.

almost level.
andesitic volcanic ash, malrly subaerial.
roble forest with laurel, gquila, etc.

very dark brown (10YR 2/2, dry; black, 10YR 2/1, moist) silt

loam; friable; moderately developed fine and very fine granular
structure; non~sbicky and very slightly plastic when moist;

boundary diffuse, (pH b)),

very dark grayish brown (10YR 3/2, dry; dark brown, 10YR 2/2,
moist) silt loam; friable, soft when dry; moderately developed
medium and fine subangular blocky structure; very slightly
sticky and slightly plastic when moist; boundary diffuse,

(pH 6.3),

brown (10YR 4/3, dry; dark brown, 10YR 3/3, moist) silt loam;

“friable, soft when dry: strong medium subangular blocky

structure, breaking to coarse gramles; slightly sticky and
slightly plastic when moist; boundary distinct, (pH 6.0),

; Y . P ) . . o . A
vellowish brown (10YR %/4, dry; dark brown, 7.5YRK j/h, moist )

~gilt loam; moderately developed fine and very fine subanpular

blocky structure; friable~to-firm; slightly sticky and slicghtly
plastic when moist; boundary diffuse, {(pH 5.8),

dark yellowish brown (10TR L/h, dry; dark brown, 10YR 3/4,
moist ) silt loam; firm-to-friable; weakly developed fine blocky
structure, breaking to very fine granules: slightly sticky and
mﬂm&%hrMﬁm&:anmMﬁmtmm@wyd%bmm%(ﬁ?&@%

brown (10YR 5/3, dry; dark brown, 10YR 3/4, moist) clay loam,
somewhat compact in upper part, and perhaps weakly cemented
with iron and silica; occasional basaltic gravels mixed through
material; firm; no recognisable structure in the mass; slightly
sticky and moderately plastic when moist; occasional manganese
precipitation on gravel.



Profile No, 29 =« Puerto Uctay fine sandv loam

Location ¢ 1.5 km northwest of Tuerto Varas on Pan-American highway,
blanqu1hue Province.
Altitude ¢ 140 metres.
Relief : gently rolling.
rarent material: mixed andesitic and rhyolitic volcanic ash.
Flant cover i roadside srasses, formerly forest.
Profile
O~ 15 cm very dark brown (10YR 2/2, moist) fine sandy loam; friable;

very sbrongly developed fine subangular blocky structure,
breaking to very fine blocks and coarse granules; non-sticky
and very slightly plastic when moist; boundary distinct,

15 = 40 cn brown to strong brown (10YR 5/4 - 5/2, moist) sandy loam;
friable; rather massive (i.e. no visible utruature> but breaks
to coarse gramiles; very slightly sticky and very slightly
plastic when moist; boundary diffuse,

LO =~ 60 cm strong brown to yellowish-red (7.5YR 5/6 - 5YR 5/6, moist,) silt
loam; very friable, soft and loose when dry; weakly developed
coarse blocky structure breaking to gramles and crumbs; some
development of vertical shrinkage cracks in roadside banks;
very slightly sticky; slight-to-moderately plastic when moist;
occasional lumps of firm brownish~yellow sandy loam at lower
limit of this horigzon; boundary distinct,

60 - 120 cm brown (1UYR 4/3, moist) slightly sandy clay loam; firm to very
firm, rather hard when dry; strongly developed coarse blocky
structure breaking to irregular {ine and medium blocks:
occasional grayish patches of sandy clay included in this
horizon, as if the material contains the remnants of an old
mud-shower; very slichtly sticky, moderately plastic when moist;
boundary distinct,

120 = 140 cm . strong brown to brownish vellow (10YR 5/8 - 6/8, moist) bliv
loam to clay; friable-to-firm; small whitish specks of pumic
gand visible throughout this horizon; weakly development medium,
coarse and fine blocky structure, broakznr to granules; slightly
sticky and moderately plastic when moist; boundary distinct,

ONa o very stony, very gravelly sandy clay loam, compact and hard
when dry; uppermost part muxv.t cemented with silica, clay and
verhaps iron; rounded stonss are but little weathered; thin
iron~-pan at 160 cm, about 1/2 em in thickness and passing
around stones; below iron pan is thick bed of clayey, stony
material resembling glacial till.




trofile No. 30 - Puerto Fonck very fine sandy loam

Location ¢ L okmoeast of Fuerto Fonck, Osorno Province.

Altitude ;o about 70 metres.

delief ¢ rolling.

Farent material: sd andesitic and rhyolitic volcanic ash.

FPlant cover ¢ roadside grasses, formerly forest.

Profile

0 - 30 om very dark brown (10YR 2/ 2, moist; gray brown, 10YR 5/2, dry)
very fine sandy loam; friable; weakly developed coarse blocky

structure breaking readily to very fine grarules and crumbs;
non~gticky and non-plastic when moist; boundary diffuse,

(ph 5.8/,

30 - 50 em dark yellowish brown (10YR 4/L, moist; vellowish brown,
10YR 5/4, dry) loam; very friable, soft and quite loose when
dry; very weakly ﬂmvb¢opod medium and fine blocky structure
breaking to fine granules; slightly sticky and moderately
plastic when moist; boundary merging, (ph 5.8/,

50 - 65 cm yellowish brown (10YR 5/69 moist; pale brown, 10YR 6/3, dry)
clay loam; very friable to friable; weakly developed blocky
structure breaking to coarse and fine gramiles; slightly
sticky and slis >1¢ plastic when moist; boundary diffuse,
(pH 5.9),

65 - 110 cm yellowish broww (10YR 5/8, moist; light yellowish brown,
10YR 6/a9 A J} loam; very friable but moderately compact in
place; no visible ¢ TTU”tufﬁ in the mass, bubt breaks to gramiles
and crumbs under firm pressure; slightly sticky an nd slight-to-
moderately plastic when molst; boumdarr abrurf (pH ﬁ,u/,

110 - 190 em - dark yellowish brown (10YR 4/k, moist) sandy clay loam;
friable; weakly developed very coarse blocky structure,
breaking to fine blocks and grammles; line of brownish yellow
(approximately, 10YR 4/8) hard lumps of sandy loam crosses
this horizon at about J}b em depth from surface; slightly

gticky amd moderately plastic when moist; the natural colour
of many of the peds is slightly more reddish (i.e. about

L 5YR 5/6/ but on crushing these change to the pr@d@minant
”OLQer 10YR 4/ 4 boundary diffuse

Olle . ‘ very compact yellow (1/§d 7/6) coarse sandy clay loam with
many weathering lumps of pumice and some fragments of
weathering andesite. Glacial gravels appear at about 300 cm
from the surface.




Profile No.

(31 )

fuerto Fonck =ilt loam

Parent material:
Plant cover

about, 1‘ km before the end of the Lake Rupanco road,

Osorno ovince,
about 2 metres,
rolling,

andesitic volcanic ash.
forest, with ulmo, laurel, arrayédn, etc.

black (10YR 2/1, moist; very dusky red, 2.5YR 2/2, dry) some-~
t peaty silt lo&m; very i“&a%laﬁ very strongly developed
crumb structure; very numerous roots; non-sticky and non-
plastic wnvn moist; boundary distinct,

very dark reddish brown (5YR 2/2 ~'2/1, moist; dark brown,

7.5YR 372, dry) heavy silt loam; firm-to-friable; strongly
developed medium and fine blocky structure breaking to fine
granules; slightly sticky, slight-to-moderately plastic when
moist; boundary distinct,

black to very dark reddish brown (57R 2/1 - 2/2, moist; almost
the same colour, perhaps a little browner, dry) fine sandy loam;

ES

friable; no visible structure in the mass but breaks very easily
to fine granules and crumbs; very slightly sticky and slightly

plastic when moist; boundary diffuse,

about dark brown to dark yﬁil@Wlbh brown (10YR 3/3, moist; dark .
vellowish brown, 10YR A/A, dry) silt loam with many very small
fragments of pumice; friable~to-firm: no visible structure in
the mass but breaks readily to very fine granules and crumbs;
siightly sticky and moderately plastic when moist; boundary
daﬂktldlct,

L-f ”lav loam; succeeded by similar
ty clay to ceoarse sandy clay loam with
el

dark yellowish brown si
il
;5 some layers compact, some guite loose.

strata ranging from s
weathering pumice grave




Profile No. 32

Loeation
Altituds

Relief

Farent material
FPlant cover

Profile

0 - 15 Cri

15 - 38 om

18 - 60 com

60 - 90 cm

90 ~ 150 em

150 - 188 om

188 ~ 250 cm

Ol

.
°

”
M
@
v

o
»

(32)

Puyehue silt loam

8 km south of Puyehue townshivp, Osorno Province.
about 550 metres.

strongly rolling.

andesitic volcanic ash mainly.

forest, with tepa, ulmo, arrayidn, picha, etc.

very dark brown to black (10YR 2/2 - 2/1, moist; very dark brown,
10YR 2/2, dry) silt loam: friable; moderately developed medium -
and coarse subangular blocky structure, breaking to fine granules;
slightly sticky and slightly plastic when moish; numerous very
fine whitish fragments of pumice; boundary diffuse, (p 6.0),

very dark brown (10YR 2/2, moist; very dark grayish brown,

10YR 3/2, dry) silt loam; friable; moderately developed medium
and fine subangular blocky structure, breaking to very fine
blocks and coarse granmules; slightly sticky ahd slightly plastic
when moist; boundary distinct, (pH 6.0),

very dark brown to very dark grayish brown (10YR 2/2 - 3/2,
moist; dark grayish brown, 10YR 4/2, dry) loam; friable-to-firm;
moderately developed medium and fine subangular blocky structure
breaking to coarse granules; these granules break further under
very slight pressure to very fine grains; very slightly sticky
and very slightly plastic when molst; boundary merging, (pH 5.2,
very dark brown (10YR 2/2 - 3/2, moist; dark brown, 10YR 3/3,
dry, silt loam; friable when moist, soft when dry; strongly
developed fine subangular blocky structure, breaking to granules;
slightly plastic and slightly sticky when moist; boundary
diffuse, (pH 5.7),

very dark brown (LOYR 2/2, moist; dark brown, 1OYR,3/3, dry )
silt loam with an abundance of fine black mineral particles:
friable; structure as for last horizon; slightly sticky, slight-
to-moderately plastic when moist; boundary diffuse, (pH 6.0),

dark brown (7.5YR 3/2, moist; dark yellowish brown, 10YR 4/k,
drv) loam; moderately developed medium subangular blocky
ghructure breaking very easily to granules and crumbs; non-
sticky and non-to very slightly plastic when moist: boundary
merging, (o 6.1),

dark brown (7.5YR 3/2, moist; dark yellowish brown, 10YR 4/4,
dry) heavy loam; friable-to~firm, slightly hard when dry; weakly
developed medium blocky structure, breaking to coarse granules;
non-sticky and very slightly plastic when moist; boundary
distinet, (pH 6.3),

mainly dark brown to brown stratified ash beds, some with slight-
ly reddish brown colour; textures loam to clay loam; some strata
slightly compact.
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Profile No.

(33 )

Choshuenco sandy loam

Location
Altitude
Relief

Parent material:

Plant cover
Frofile

U~ 5cm

5 - 25 em

L5 cm

o
1S,
f

Olle »

Chan~Chan fistate, at head of Lake Panguipulli, Valdivia Frov.
£50 metres,
strongly rolling to hilly.
basic andesitic ash.
forest, with roble, olivillo, ulmo, guila, etc.

black (2.5YR 2/0, moist) peaty sandy loam with many decomposing
forest residues; very friable; crumb structured; non-sticky and
almost non- plmStLC when moist; boundary distinct, ‘

very dusky red to black (2.5YR 2/2 - 2/0, moist) slightly peaty
sandy loam; very friable; strongly developed very fine subangular

~blocky and granular structure; non-sticky and non-plastic when

moist; boundary distinct,

dark reddish brown grading to very dark grayish brown (5YR 2/2
grading to 10YR ?/Qy molgt) gravelly loamy sand; very friable
and loose when molst; many large pumlceous and scorlaceous
fragments; no distinct structure; non-sticky &nd non~-plastic
when molst; boundary dic tlﬂbﬁ,

various strata of ash beds and shower layers, of general
vellowish-red colour (5YR 4/6, moist) but with some pale
yvellowish and highly pumiceous, and others nearly black
basaltic loamy sand; wide range in texture, compaction and
consistence.



)

Profile No., 3

(34 )

Rupanco gravellyv coarse sandy loam

Location : at far end of Lake Bupanco road about 15 km west of
Gaviota, Osorno Province. ’

Altitude i about 275 metres.

delief : rolling to gently rolling.

Parent material: rhyolitic (pumiceous) volcanic ash.

Plant cover
Profile

O~ 45

cm

L5 ~ 65 cm

150 - 195 cm

Ol

forest with laurel, ulmo, etc.

black ﬂSYR 2/1, moist; dark gray, 5YR 4/1, dry) zravelly coarse
sandy loam; friable; weakly developed fine granular structure;
non-sticky and non-plastic when moist; boundary merging,

very dark brown (10YR 2/2, moist; grayish brown, 10YR 5/2, dry,
gravelly loamy sand; rather firmly packed; no visible structure
in the mass but breaks to weakly developed very fine granular
structure with many single grains, some of which are clearly
pumiceous; non-sticky and non-plastic when moist; boundary
clear and wavy, ~

brown to strong brown (7.5YR L/ 4 - 5/6, moist; yellow, 10YR 7/6,
dry) coarse gravel, wholly pumiceous; firm and tightly packed
but breaks when loosened into separate pumice fragments; non-
sticky and non~plastic when moist; pumice is only very slightly
softened by weathering; boundary abrupt,

brown (10TR 43, moist; light yellowish brown, 10YR 6/4, dry)
sandy clay loam with occasional soft pumice fragments; friable-
to-firm; very weakly developed blocky structure, breaking to
fine granules; non-sticky and very slightly plastic when moist;
boundary distinct,

dark yellowish brown (10YR 4/4, moist; brownish yellow,

10YR 6/8, dry) rather heavy gravelly sandy loam with many
softened, weathering, pumice fragments; friable-to-firm, some-
what hard when dry; no visible structure in the mass, but
breaks irregularly to coarse and medium angular blocks; very
siightly sticky, slight~to-moderately plastic when moist;
various other pumiceous layers, all showing successive increase
in weathering of the pumice occur below 250 metres.



Profile No., 35

Guillelhue loamy sand

Location
Altitude
Relief

Parent material
Flarnt cover

Profile

O - 15 ¢em

35 - 110 em

110 - 210 cm

O¥le s

about 79 road miles, east south-east of Pucdn on road to
Argentina, Cautin Province.

about 720 metres.

strongly rolling.

pumiceous volcanic ash, probably mainly rhyolitic.
coiglie forest.

dark reddish brown (5YR 2/2, moist; brown, 7.5YR /2, ﬁry)
loamy sand; very friable; strongly developed very fine granular
and crumb structure; non-sticky and non-plastic when moist:
boundary distinct,

very dark brown (10YR 2/2, moist; pale brown, 10YR 6/3, dry)
loamy sand with a few fine pumice fragments; friable-to-firm;
very weakly developed very fine granular and crumb structure;
loose and soft when dry; non-sticky and non-plastic when molst;
boundary distinct,

yellowish brown (10YR 5/ 8, moist; yellow, 10YR 7/6, dry) tightly
packed pumice gravel of rather coarse grade; friable when
loosened from the mass; non-sticky and non-plastic when moist;
boundary distinct, ’

dark yellowish brown (10YR 4/4, moist; yellowish brown, ;
10YR 5/8, dry) slightly gravelly heavy sandy loam to coarse
sandy clay loam; firm; weakly developed coarse subangular
blocky structure, breaking to fine blocks; slightly sticky and
slight~to~moderately plastic when moist; boundary diffuse,

altermating beds and pumice shower layers conbinuing to over
5 metres; general colour yellow to strong brown when moist;
some layvers slightly compact, possibly weakly cemented.



e

(36 )

Location
Altitude
Relief

Parent material

Plant cover

Profile

o

30

60

!

15 om

-~ 30 em

-~ 110 em

Ons e

6 - FPucdn coarse sandy loam

55 wn

50 s

about 28 miles east of Pucdn township, Cautin Province.
approximately 500 metres.
ghrongly rolling.

- pumiceous rhyolitic volcanic ash.

roadside grasses, formerly forest.

dark reddish brown (57R 2/2, moist; brown, 7.5YR 4/2, dry)
coarse sandy loam; friable; rather indistinct very fine
granular and crumb structure; non-sticky and non-plastic when
molst; boundary diffuse,

very dark grayish brown (10YR 3/2, moist; brown, 10YR 5/3, drv)

~gravelly sandy loam with many small lumps of pumice; very
friable, rather loose when dry; weskly developed crumb and

gramilar structure; non-sticky and non-plastic when moist:
boundary distinct, ‘

yellowlish brown (10YR 5/8, moist; vellow, 10YR 7/@, dry )
pumice gravel; rather tightly packed but falls apart very
readily in dry road banks; distinct fragments of carbonised
woody material ocour in the top 1/2 cm of this horizon; non-
sbicky and non-plastic when moist; boundary abrupt,

strong brown (7.5YR 5/6, moist; dark yellowish brown, 10YR 4/4,
dry) loamy sand; rather compact in pldace but only slightly firm
in hand specimens; weakly developed irregular blocky structure;
glightly sticky and slightly plastic when moist; boundary
distinct,

various strata, including further coarse pumice layers, cdémpact
sandy clay loam beds, etc., of general colour yellowlish to
strong brown but some yellowish red; some pumiceous layers
quite hard and probably cemented with silica.



FProfile No, 37

TN
Ut
-3
e —_—

Osorne very fine sandv loam

Location
Altitude
Relief

Parent material
FPlant cover
Profile

O - 15 om

15 - 30 em

30 ~ 50 cm

50 « 70 em

i

70 - 90 em

Q0 -~ 110 com

Olle «

8 km southeast of Osorno city, Osorno Province.
about 65 metres,

gently rolling and undulating.

mixed andesitic and rhyolitic ash, in part loessic,
roadside grasses, formerly roble forest.

dark brown (7.5YR 3/2, moist; pale brown, 10YR 6/3, drv) very
fine sandy loam; friable; very fine granmilar and crumb structure;
non-sticky and non~plastic when moist; boundary distinct,

dark brown (7.5YR Q/A, moist; yellowish brown, 10YR )/6 dry)
silt loam; very friable; fine sub-angular blocky structure,
breaking to crumbs; non-sticky and non-plastic when moist;
boundary diffuse

dark brown (7.5YR 4/, moist; yellowish brown, 10YR 5/6, dry)
silt loam; friable~to-firm, slightly hard when dry; moieratcb

developed medium and fine subangular blocky structure breaking

to granules; very slightly sticky and slightly plastic when
moist; boundary diffuse,

dark yellowish brown (10YR 4/L, moist; light yellowish brown,
10YR 6/4, dry) heavy silt loam; friable; moderately developed
medium and fine subangular blocky structure breaking to coarse
and fine granules; slightly sticky, slight-to-moderately plastic
when moist; boundary diffuse to merging,

dark VellOWlah brown to strong brown (10YR 4/4 ~ 7.5YR 5/6,
moist; light yellowish brown, 10YR 6/4, dry) silty clay loam;
friable~to-firm; strongly developed medium subangular blocky
structure breaking easily to fine blocks and coarse gramiles;
peds rather resistant to pressure and appear to be lightly
coated reddish-yellow (7.5YR 6/8, approximately); slightly
sticky and moderately plastic when moist; boundary distinct,

strong brown‘<” EYR 5/6 moist; light brown, 7.51R 6/4, ﬁrvj
heavy silt loam; firm; weakly developed medium blocky structure
breaking to very fine subangular blocks which are not so
resistant to pressure as those of last horizon; slightly
aticky and moderately plastic when moist:; boundary abrupt,

strong brown (7.5YR 5/6, moist) gravelly sandy clay loam
grading into ancient alluvial beds,



Profile No. 38

( 38 )

Felchuguin fine sandy loam

Location
Altitude
Hellef

Parent materisl
Plant cover
Profile

0 ~ 20 cm

20 ~ 40 om

J’.’;»O ~ 100 cm

100 ~ 200 em

'

18,4 km north of Valdivis on the old main highway, and about
5L km south of San José de la Mariquina, Valdivia Province.
about 25 metres. ‘

gently undulating. .

¢1ﬂ1y mixed andesitic and rhyolitic volcanic ash, part
alluvial in origin and part loessic.

o

roadside grasses, formerly forest.

brown (7.5YR 4/L, moist; pinkish gray, 7.5YR 6/2, dry) fine
sandy loam; friable; very fine gubangular blocky structure
breaking readily to crumbs; very slightly sticky and slightly
plastic when moist; bound&rv diffuse; (oc casional fragments of
carborn preq@nﬁ)

dark red (2.5YR L/l - 4/6 moist ; pinkish gray, 5YR 6/,§ dry)
sandy loam; very friable and difficult to wet; very weakly
developed irregular blocky structure, powdering readily to
single graing; non-sticky and almost non-plastic when molst;
boundary abrupt,

dark yellowish brown (10YR 4/4, moist; yellowish brown,

10YR 5/4, drv) heavy silt loam to silty clay loam; friable~to-
firm; m@deratalv developed medium bﬁb&ﬁ?ﬂL&f blocky structure,
breaking to very fine blocks and granules; slightly sticky and
moderately-to-strongly plastic when moist; boundary distinct,

brown (10YR 4/4, moist; light yellowish brown, 10YR 6/L, dry)

csilty clay; firm to very firm, very hard when dry; very strongly

developed coarse blocky structure, breaking under strong
pressure to very fine tut regular blocks and coarse granules;
somewhat prismatic in the weatheTLQg roadside banks; moderately
sticky and strongly plastic when moist; boundary sharp,

pale yellowlsh brown (10¥YR 6/l,, moist) cemented siliceous tuff,

compact and slightly cemented gravelly clay of very old
alluvial deposits.



Profile No, 39 =~ Castro silt loam

Location : near Castro airport, Chileé Island, Chiloé Province.
Altitude : about 50 metres.
Relief ¢ rolling to undulating.

Parent material: mixed andesitic and rhyolitic volcanic ash, probably
' in part of loessic origin. :

Plant cover ¢ formerly forest: now abandoned pasture land.
Profile
0 - 20 cm very dark brown (10YR 2/2, moist; very dark grayish brown,

10YR 3/ 2, dry) silt loam; friable; moderately developed medium
and fine granular structure; very slightly sticky and slightly
plastic when molst; water expressed from wet soil is turbid and
peaty; when thoroughly dry (as in some road banks in summer)
granules will fleat on water; boundary diffuse, (pH 5.0),

20 - 54 com very dark brown (10YR 2/3, moist; dark brown, 10YR 3/3, dry)
silt leoam; friable; moderately developed medium subangular
blocky structure breaking to coarse granules; slightly sticky
and slightly plastic when moist; boundary merging, (pH 5.0),

54 ~ 90 cm very dark yellowish brown (10YR 4/4 - 2/2, moist; dark yellowish
brown, 10YR A/h, dry) loam; friable-to-firm; strongly developed
medium subangular blocky structure breaking to fine blocks and
grarules; slightly sticky and slightly plastic when moilst;
abundant fine whitish, porous siliceous particles; boundary
diffuse, (pH 5.0),

90 - 100 cm matrix as last horizon but with included lumps of dark yellowish
brown (10YR 4/, moist; brown to yellowish brown, 10YR 5/3 = 5/k,
dry) heavy sandy loam; firm-to-friable when moist but quite
hard when dry in road banks; lumps are 7 to 15 cm in diameter,
irregular in shape, and merge along their margin into the
surrounding matrix of the horigon; they have no visible structure
in the mass but break to irregular fine blocks and granules;
slightly sticky and slightly plastic when moist; these lumps
probably represent the legss weabthered remnants of an old mud-
shower that has passed through a slightly cemented stage,

(pH of lumps, 5.3/,

100 - 140 cm dark yellowish brown (10YR 4/4, moist or dry) sandy clay loam;
firm~to-friable, fairly hard when dry in road banks; weakly
developed fine angular blocky structure; slightly sticky,
moderately plastic when moist; abundant pale brown porous
siliceous particles; boundary merging, (pd 5.3),

140 ~ 210 em dark yellowish brown grading to yellowish brown (10YR 4/4 - 5/6,
meist; pale brown grading to brown, 10YR 5/3 — 6/3, dry) light
sandy clay loam to sandy loam; friable; no visible structure in
the mass bub breaks to very weakly developed fine blocks and
granules; slightly sticky and slightly sticky when moist;
boundary distinet, (pH 5.3),

or. . dark brown (10YR 4/3, moist; very pale brown, 10YR 7/3, dry)
gravelly coarse loamy sand with manganese oxide coating on

crivfacna ~F oravalo-. & anmentint  Aomna et Mot cvirahea ninder



Frofile No, 4O

( 40 )

Quelldn silt loam

Location :
Altitude :
Relief :
Parent material:
flant cover :
Profile

O -~ 20 om

20 -~ 50 om
50 ~ 150 em

150 - 165 em

Olle »

L km northwest of
about 100 metres.
gently rolling to rolling.

mixed andesitic and rhyolitic volcanic ash.
formerly forest, now reverting shrub land.

Quelldn township, Chiloé Island, Chiloé Prov.

black (10YR 2/1, moist; very dark brown, 10YR 2/2, dry) silt
loam; friable, slightly hard when dry in road banks; moderately
developed medium and fine subangular blocky structure breaking
to granules; slightly plastic and slightly sticky when moist;
boundary merging, (pH 4.8),

very dark brown (10YR 2/2, moist; very dark grayish brown,

10YR 3/2, dry) silt loam:; friable-to-firm, rather hard when dry
in road banks; moderately developed medium, fine subangular
blocky structure and coarse granules; peds rather crisp, very
firm when dry; slightly sticky and slightly plastic when
thoroughly crushed and moist; boundary merging, (pH 5.0),

very dark brown (10YR 2/3, moist; dark brown, 10YR 3/3, dry)
silt loam; firm-to~-friable, hard when dry in road banks; weakly
developed medium and fine subangular blocky structure breaking
to coarse granules that are very resistant to pressure; slighbly

sticky and slightly plastic when crushed moist: boundary distinct,

.yellowigh'brown (10YR 5/€, moist) heavy silt loam; firm-to-

friable, hard when dry in road banks; strongly developed fine
subangular blocky structure breaking to granules; slightly
sticky and moderately plastic when moist; boundary abrupt,
(pH 5.9), ~
very compact, cemented sravelly heavy clay, resembling glacia
till.

i

H



(41 )

Profile No, 41 - MaBiiuales silt loam

Location + at km 24.5 on road from Aysén to Coyhaique, Aysén Frovince.
altitude ¢ about 150 metres.

Relief ¢ rolling to strongly rolling.

Parent material: mainly subaerial andesitic volcanic ash.

rlant cover :  formerly forest (coigiie and lenga mainly), now pasture.

Profile

0 - 17 em very dusky red to black (2.5YR 2/2 - 5YR 2/1, moist) silt .loam; .
friable-to-firm; coarse blocky structure, with strong vertical
orientation (almost prismatic) when dry in road cuttings;
breaking to fine angular blocks and strong coarse granules;
non~sticky but very slightly plastic when moist; boundary
distinct,

17 = 34 cm dark rediish brown (5YR 3/4, moist) fine sandy loam; firm-to-
friable; coarse subangular blocky structure breaking to strong
granules; very crisp peds; non—-sticky and non-plastic when
moist; boundary distinct,

i

LO cm yellowish-red ( 5YR 4/6, moist) gravelly sandy loam (pumice
gravel); firm, weakly cemented; no visible structure in the
mass bub breaks to weak angular blocks; non-sticky but very
slightly plastic when moist; boundary distinct,

34

LO ~ L7 cm o dark reddish brown (2.5YR - 5YR 3/4, moist) coarse sand; friable:
v no visible structure in the mass but when removed falls into
coarse irregular blocks with rather crisp granules; non-sticky
and non~plastic when moist; boundary distinct,

L7 - 82 em reddish-brown (5YR 4/2 -~ 7.5YR 4/2, moist) very fine sandy loam
to silt loam; firm; no visible structure in the mass but breaks
to coarse blacks, and these break further to very fine granules
and crumbs; non-sticky but slightly plastic when moist; boundary
merging,

!

150 cm strong brown to yellowish red (7.5YR 5/6 -~ 5YR 4/6, moist) silty
clay loam; friable-to-firm; coarse blocky structure breaking to
granules; non~sticky but slightly-to-moderately plastic when
moist; Bourdary distinct, ’

D
.

O« o ; .. bouldery terrace gravels.



Profile No, L2

Location
Altitude
Relief

Parent material
Plant cover

Profile

0 - 18 cm

18 - 35 em
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Puerto Lumas sandy loam

near Chacabuco port, about 6.5 km from Aysén river ferry,
Aysén Province.

about 20 metres.

gently rolling, low saddle between two hills.

rhyolitic pumicecus volcanic ash.

formerly forest, now in rough pasture.

dark reddish brown (5YR 3/3, moist, but very dusky red,

2.5YR 2/2, when ﬁg&) gsandy loam; friable; granular structure:
non-sticky and very slightly plastic when moist; boundary
distinet,

o4

yellowish=brown (10YR 5/8, moist) coarse sandy loam to coarse
sandy clay loam; firm~to-friable, weakly cemented; strongly
developed medium angular blocky structure breaking to coarse
granules; very slightly sticky and moderately plastic when
moist; boundary sharp,

brown to yellowish-brown (10YR 5/3 .~ E/Q,Vmoist} coarse sand;
very firm and cemented; pan breaks into irregular chunks and
therefore has no internal structure, not laminated; non-sticky
and non-plastic when moist; boundary sharp (abrupt),

dark reddish brown (SXB73/3, moist ) coarse sand and fine pumice
gravel; Lloose; single grains; non-sticky and non-plastic when
moist; boundary distinct,

brown to dark brown (7.5YR A/Q,fmoist} heavy coarse sandy loan
or coarse sandy clay loam; firm; coarse angular blocky structure
breaking to medium and fine blocks; non-sticky but moderately
plastic when moist; boundary merging,

strong brown Lo dark yellowish brown ("7.5YR 5/6 - 10YR &/&,
moist) fine sandy clay loam; friable~to-firm; strongly. developed
coarse blocky structure (weathers to prismatic structure in
placas) breaking to medium and fine angular blocks and coarse
granules; peds crisp and with very thin coating of iron-oxide;
non-sticky but moderately plastic when molst: boundary distinct,
gravelly clay, dense, compact and, in places, with very thin
iron~pan at junction of soll and gravel beds.
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Frofile No. 43 =~ Natri peatv fine sandy clav loam

Location : about 1 mile north of Lake Natri, Chiloé Island, Chiloé Frov.

Altitude : about 80 metres.

Relier ¢ rolling.

Parent material: andesitic volcanic ash.

Plant cover ¢ Nothofagus dombeyi forest.

Profile

0~ 15 cnm forest mor of wvery dusky red fibrous loamy peat; pH 4.8,

. - T /. o < ’ 3

15 ~ 30 cm dark reddish-brown (5YR 2/2, moist; very dark gray, 5YR 3/1, dry)

fine sandy clay loam, with many light reddish-brown, iron-stained

s of 2 ;S’ ) b

root, channels; friable; very strongly developed medium blocky
structure, breaking to coarse granules; very slightly sticky and
moderately plastic when moist; occasional pale brown frasments
of weathered pumice; boundary merging; pH 5.0,

30 -~ L3 cm dark reddish-brown (5YR 3/3, moist; dark brown, 10YR 3/3, dryv;
dark yellowish~brown to brown, 10YR L4/4 - 7.5YR 4/L, when
crushed moist) fine sandy clay loam; compact in place, firm
when moist, hard when dry; very strongly developed oprismatic
gtructure, breaking to medium sized blocks and coarse granules;
prisms strongly coated with iron oxide (dark red, 2.5YR 3/6);
non-sticky and moderately plastic when moist; boundary merging;
pH 5,2,

L3~ 90 com reddish~brown (5YR &/h, moist; dark reddish-brown, 5YR 3//4,
when crushed moist) silty clay; less compact in place than last
horizon, firm~to-friable, hard when dry but inclined to powder
under pressure; very strongly developed medium~sized prisms,
breaking to fine blocks and granules; slightly sticky and
moderately plastic when moist; aggregates strongly coated with
iron oxide (dark reddish~brown, 2.5YR 3/4) on all sides
virtually forming a weak iron-pan lattice through the soil;
occasional fragments of true iron-pan, 2 mm in thickness;
boundary merging; pH 5.5,

90 - 115 cm dark brown to strong brown (7.5YR 4/4 - 5/6, moist) sandy clay
' loam; faint, occasional mottles (5YR 5/6, yellowish-red);
friable, powdering readily when dry; weakly developed blocky
structure with faint lamination; slightly sticky and moderately
plastic when moist; occasional peds impregnated with iron oxide
giving appearance of concretions; boundary sharp; pH 5.8,

Ones coarse gravels and sands, cemented with iron and silica to a
: depth of 1 metre; true iron pan, 1/2 cm in thickness along
- surface of gravels; no cementation below 1 metre; material shows
alluvial stratification.

lote: Throughout whole profile, there is a scattered occurrénce of fine
decomposing pumice fragments; and shining, white, rounded very fine
quartz gravel, 3 mm to & mm in diameter, occasionally forming a
distinet line in the soil.



Profile No, 4Li

Location
Altitude

Helief

Parent material
Plant cover
Profile

0 - 5 com

5 ~ 25 em

25 - 35 ¢em
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Chepu very fine sandy loam

about 20 km west of Puntra station on track to Chepu,
Chiloé Island, Chiloé Frovince. :
about 110 metres.

gently rolling.

mixed andesitic and rhyolitic volcanic ash.

forest with abundant Weinmannia trichsperma.

dusky red (moist 1ay@r of forest litter, mainly undecomposed

legves and twigs of HpEanhrna,

black (5YR 2/1, moist) fine sandy loam, distinctly peaty;
friable; very strongly developed coarse granular structure and
these granules have a great resistance to pressure; when properly
crushed; and wet, shows very %1lght stickness and slight
plastlglty, boundary distinct,

pinkish gray (7.5YR 6/2, moist; light gray, 10YR 7/2, dry) very
fine sandy loam; friable-to-firm, slightly hard when dry in
ditch walls; strongly developed medlum subangular blocky
structure breaking to very even-siged medium granules; slightly
shicky and slightly plastic when molst; boundary abrupt,

very thin, discontinuocus iron-humus pan; fragile but forming a
distinct coating around sail aggregat@s,

strong brown to dark yellowish brown (7.5YR 5/6 — 10YR 4L/4,
mo1st) heavy silt loam grading to light silty clay loam; friable;
very 'greasy'! when crushed; weakly developed coarse subangular
blocky structure, breaking readily to granules and crumbs;

larger aggregates very slightly coated with red 1dish br@wn

(2 YR L/ 4, mo ist) iron oxide deposition; slightly sbicky and
slightly plastic, boundary diffuse,

vellowish brown (10YR 5/6, moist) silty clay loam; friable-to-
firm; very weakly developed coarse subangular blocky structure,
breaking to irregular medium and fine blocks; very slightly
sticky but moderately plastic when moist; boundary distinct,

reddish-yellow (7.5YR 6/8, moist) loamy sand with partial
oemémtatiom with iron and humus; rather firm; very strong.
lamlnar structure; cemeﬂt@d material forms small slabs wnth
stronger coating of iron (and probably manganes se) on lower
surfaces; non-sticky and non-plastic when moist; boundary
abrupt,

cemented gravels embedded in heavy clay.



Profile No. 45

Rano Kao heavy fine sandv loam

Location
Altitude
Relief

Parent material
Plant cover

Srofile

O - lOH

10 -~ 28"

18 - 50

Ol s

0.8 km south of Mataver{ township on lower slopes of Rano
Kao volcano, Easter Tsland (Valparaiso Province).

L5 metres.

long planeze slope of about
mainly andesitic scoria overlain by volecanic loess.
rough pasture.

7.

brown to reddish brown (7.5YR -~ 5YR 3/3, moist) heavy fine sandy
loam; firm to friable and strongly laced with grass roots; :
moderately developed medium subangular blocky structure breaking
to fine angular blocks and coarse granules; very slightlyv sticky
and moderately plastic when moist; boundary merging; (pH 5.9),

reddish brown (5YR 3/4 - 4/L, moist) clay loam, frisble to very
friable; massive breaking to very fine granules and crumbs;
slight to moderately sticky, moderately to strongly plastic when
moist; boundary distinct: (pH 5.8),

red (2.5YR 4/4, moist) silty clay; firm; weakly developed coasrse
blocky structure breaking to medium-sized angular blocks and
some coarse grarules; slightly sticky, moderate to strongly
plastic when molst; boundary merging; (ph 5.8))

similar material but lumps of vellowlish-red weathered scoria
becoming abundant.
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Profile No. 46 =~ Vinapu verv fine sandv loam

Location
Altitude

Relief

Parent material
Plant cover

Profile

0 - 12"

12 = 30"

30 - 60"

Ol o

»
»
"
z

about 1 km southeast of YMataveri township, Baster Island,
(Valparaiso Frovince).

110 metres. :

long planeze slope of volcano, about 9°.

mainly volcanic ash, in part of loessic origin.

rough pasture (possibly originally Sophora scrub forest ).

dark brown to brown (7.5YR 3/2 = 3/4, moist) very fine sandy
loam; friable; no well defined structure in mass but breaking

to weakly developed fine blocks granules and crumbs; non-sticky
and very slightly plastic when moist; boundary diffuse; (pH 5.4),

dark brown to dark reddish brown (7.5YR 3/2 ~ EYR 3/4, moist )
fine sandy clay loam; very friagble; no well defined structure
in mass but crumbles readily to weakly developed mixture of
fine granules and crumbs; non-stheky, slight to moderately
plastic when moist; boundary diffuse; occasional carbon
fragments at 20"; (pH 5.6), S

reddish brown (5YR 4/4, moist) clay loam; very friable to
friable; no well defined structure in mass but breaks to fine
granules and crumbs; slightly sticky, moderately plastic when
moist; boundary almost distinct; (pH 5.7/,

reddish brown (5YR 4/L, moist) silty clay; firm; weakly developed
coarse blocky structure; sticky and plastic when moist; boundary
not seen; (pH 5.8).



irofile No. L7
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Poike siltyv clay loam

Location
Altitude

Relief

Parent material
Plant cover

Profile

O -~ 15"

15 - 30!}

30 - 551

1

55 - 70"

,

Olla «

aa

h

O.5 km west of swmmit of Foike mountain, Faster Island,
(Valparaiso Frovince).

180 metres.
gently rolling.
andesitic ash and andesitic tuff.
rough pasture.

dark brown (7.5YR 3/2, moist) silty clay loam; firm-to-friable;
strongly developed very fine subangular blocky and coarse
granilar structure; non-sticky and moderately plastic when
moist; boundary merging; (pH 5.1),

brown (7.5YR 4/ 4, moist) silty clay; friable weakly developed
medium and fine angular blocky structure; moderately sticky and
moderately plastic when molst; boundary merging; (pH 5.0),

reddish brown (5YR 4/L, moist) silty clay; friable but compact
"in situ'; strongly developed fine and very fine angular blooky
structure; slight-to-moderately sticky, moderate-to-strongly
plastic when moist; boundary diffuse; (pil 4.9),

yvellowish~red (5YR 4/ 8, moist) silty clay; firm—to-friable;

weakly developed medium, fine and very fine blocky structure;
slightly sticky, moderately plastic when moist; boundary merging;
(pH 4.8, ~

1

similay yellowish-red merging to strong brown silty clay with
amall lumps of soft weathered tuff,



(L)

Profile No, 48 « - Pitrufouén hesvy sandv loam

Location :  approximabely 5 km eact south-east from Pitrufquén town.
Relief ¢ flattish.

Altitude ¢ about 100 metres.

Parent material: wvolcanic ash alluvium over alluvial gravels.

Plant cover :  second-growth swamp forest with radal and maquis dominant.
Watertable i perched over gravels at about 65 cm below soil surface.
Profile

{notes made on soils in wet condition)

O - 18 cm dark reidish brown (5YR 2;’) hgavv sandy loam: friable but kept
in rather compact condition by dense mass of fine roots; very
fine granular and crumb structure; non-sticky and very slightly
plastic; boundary distinct,

~ 36 cm dark brown to dark reddish brown (7.5YR -~ 5YR 3/2) sandy loam;
' “friable-to-firm in place but friable when removed; no visible
i structure in the mass but breaks to weakly developed coarse

subangular blocks, and these break further to very fine angular
blocks and coarse granules; very slightly sticky, slightly
plastic; boundary diffuse,

36 ~ 56 cm . dark reddish brown grading to vﬁllow10n red (5YR 3/k4 - L/6)

‘ sandy loam; rather firm in place bubt when loosened proves to be
very Ifriable; very weakly developed coarse blocky structure
breaking very readily to medium and fine angular blocks, and
further to rather fine g ranuie“‘ hese ultimate peds are well-
formed and have a slightly crisp! feel; non-sticky and slightly
plastic; boundary distinct,

56 -~ 65 cm strong brown grading to dark brown (7.5YR 5/6 ~ 3/2) sandy loam,
slightly heavier than last horizon; firm, quite compact in place;
in roadside banks has a distinct prismatic structure, but in the
field pit this appears only as a regular coarse blocky structure,
which break under firm pressure to medium and fine angular
blocks which are quite resistant to further pressure; peds have
a distinet 'crisp' feel; non-sticky and very slightly plastic;
boundary abrupt,

65 ~ 170 em compact gravels and coarse sand, with some heavy clayz gravels
are strongly coated on their upper surfaces with a deposit of
yvellowish red to strong brown oxides,

170 - 290 cm dark gray loose river gravels and sand; distinct alluvial
bedding.



Profile No. L9

(49 )

Frutillar silt loam

Location :
Altitude :
Relief :

Farent material:
Plant cover :

frofile

O - 8 cm

20 - LU em

LO —~ 60 com

approximately 1 km northwest of Los Pellines Station,
Llanguihue Province,

140 metres.

very gently undulating to flattish; hummocky and with some
distinct pond-like depressions. ‘

mixed volcanic ash; in part subaerial shower materials.
typical fiadi swamp forest.

very dark brown (10YR 2/2, moist; very dark gray brown,

10YR 3/2, dry) silt loam; friable, distinctly hard when dry;
moderately to strongly developed fine granular structure which
is very difficult to re-wet when once thoroughly dry; slichtly
plastic and slightly sticky when moist; boundary diffuse,
(field pb 5.4), ‘ . ‘

very dark brown (10YR 2/2, wmoist; very dark gray, 10YR 3/1, dry)
silt loam to very fine sandy loam; friable, but slightly hard
when dry, and peds very hard when dry; strongly developed medium
subangular blocky structure, breaking readily to very fine
angular blocks and granules; ultimate peds very hard when dry
and difficult to re-wet, distinctly 'crisp' when moist; sligh
plastic and slightly sticky when moist; boundary distinct,
(field pH 5.5/,

dark brown (7.5YR 3/ 2, moist; brown to dark brown, 10Y0 A/B,
dryv, heavy silt leoam; friable to very friable, but when dry
consiste of rather hard peds loosely packed together; moderately
developed medium subangular blocky structure, breaking readily
to coarse granules when moist but registing further disruption
when dry; dry blocks very hard 4o re-wet if thoroughly dry;
slightly sticky and slightly plastic vhen moist (V.B. in farmed
soils, this horizon is often compact); boundarv diffuse, (field
ph 5.6),

dark reddish brown (5YR 3/3, moist; dark yellowish brown,

10YR L/ 4, dry) heavy silt loam; firm, hard when dry; strongly
developed coarse, regular angular blocky structure which appears
as well-developed prismatic structure in dry road banks, moist
blocks break further to medium subangular blocks and coarse
granules; dry prisms are very hard and will not easily break
further; moderately sticky and slightly plastic when moist;
occasional development of reddish brown (5YR h/&, moist) medium—
sized, diffuse mottles; boundary diffuse, (field pH 5.8),



60 - 80 cm © hrown with distinct patches strong brown (10YR 4/3, 7.5YR L/6,
moist; brownish yellow, 10YR 6/8, dry) silty clay loam with
occasional small stones; firm, hard when dry: very coarse
regular angular blocky structure which dries to well-Tormed
coarss prisms and these resist further pressure; in moist soil
coarse blocks with some coarse granules, but peds all rather
lerisp'; moderately sticky and moderately-to-strongly plastic
when moist; boundary merging, (field pH 5.8/,

80 - 95 em strong brown (7.5Y% 5/6, moist; yellowish brown, 10YR 5/8, drv)
silty clay loam with occasional small stones; firm, hard when
dry; strongly developed medium subangular blocky structure that
tends to dry out as small regular prisms in dry road banks; dry
prisms resist further pressure, hut molst blocks break to very
fine angular blocks and coarse granules; -occasional clay flows
visible on larger blocks but not on ultimate peds; moderabely
sticky and moderately plastic when moist; boundary abrupt,
(field pH ~.0),

or pale yellow (2.5YR 7/4, moist) very compact coarse gravel with
‘ interstices filled with heavy clay and cocarse sand; upper part
of this alluvial material is trongly mottled with deposition
of reddish vellow (5YR 6/8, moist) oxides, especially in vicinity
of stones, but with depth this disappears and below 150 cm
general colour is light brownish gray (2.5YR 6/2), (field pH

5.8).



Profile No

%

Location
Relief
Altitude

Parent material:

15 - 35 cm

%1
()

-~ 70 cm

70 - 80 com

80 ~ 80.5

Ofls »
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Uarel fine sandy Loam

approximately 6 km west of Los Pellines station, Llangquihue Frowv,
almost level low terrace with slightly hummocky micro-relief.

110 metres.

gther silty volcanic materdals, in part shower material but
mairdy alluvial, over alluvial gravels,

cultivated ground, about 30 years out of forest.

very dark brown (10YR 2,2, moist; very dark gsray brown,

10YR 4/ 2, dry) fine sandy loam; friable, hard when dry;
moderately developed medium granular structure; slightly plastic
and slightly sticky when moist; when dry the peds are very
difficult to re-wet; when moist the peds are very 'crisp';
boundary distinct, (field pH 6.0/,

dark brown (10YR 3/3, moist; brown, 10YR 5/3, dry) loam; friable
when moist, hard when dry; strongly developed fine subangular
blocky structure bresking to very fine angular blocks and coarse
granules; moderately sticky and moderately plastic when moilst;
boundary distinct, (field pH 6.0),

dark brown (7.57R L/4, moist; brownish yellow, 10TR 54,

heavy silt loam to silty clay loam; friasble, hard when dry;
weakly developed coarse prismabtic structure breaking readily
when moist to fine subangular blocks; slightly sticky and
moderately plastic v%ﬂr moist; boundary diffuse, <f1n 14 pH 5.8/,

strong brown (7.5YR 5/8, moist; brownish yellow, 10YR 6/&, dry)
ailty clay loam to light clay loam; friable, hard when dry;
weakly developed coarse prismabic structure breaking when moist
to medium and fine blocks; all pei% show well—developed clay-—
sking; slightly tn@rv ani moderately plastic when moist;
boundary distinct, (field ph 5.6),

strong brown (7.5YR 5/2, moist; brownish yellow, 10YR 6/8, dry)
heavy silty clay loam; friable-to-firm, hard when drv; weakly
developed fine subangular blocky structure with many clayskins:
moderately sticky and moderstely plastic when moist; patches of
fine gravel occur in this horizon; boundarv abrupt, (field pk
5.8/,

thin, continuous, very hard azd cemented iron-pan,

very dark grayish brown (2.5YR 3/2, moist; very pale brownish
3rQy, 10YR 6/2 - 7/3, dry) very stony and gravelly coarse sandy
loam; very compact to cemented but non-sticky and non-plastic
when moist; becoming more sandy, more strongly cemented and
with dron-oxide deposition around gravels below 140 cm.




Frofile No, 51 - Calonje very fine sandy loam

Location
Altitude
Reliel

Parent material:

Plant cover
Profile

0 - 20 com

20 =30 cm

30 - 38 cm

38 -~ 53 om

5% w 72 em
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near km 20 on ancud-Castro highway, Chiloé Island, Chiloé Prov.
about 80 metres. :

level to slightly undulating.

alluvial and subaerial volcanic ash.

mainly second-growth shrubby vecetation.

very dark brown to black (10YR 2/2 -~ 2/1, moist) rather heavy
fine sandy loam; friable, rather hard when dry; strongly
developed granular structure; slightly sticky and siightliy
plastic when molst; peds are very 'crisp' when moist and very
hard indeed when dry; boundary merging,

very dark brown (10YR-2/2, moist) fine sandy clay loam; friable-
to-firm when moist, wvery hard when dry; strongly developed fine
blocky structure breaking to veryv fine blocks and coarse
granules; peds very crisp when moist, very hard when dry:
slightly sticky and moderately plastic when moist; boundary
disgtinct,

dark gray (10YR 4/1, moist) silty clay with occasional very fine
rounded gravels; friable when molst; slightly hard when dry;
very. coarse weakly developed subangular blocky structure when
motist, but dries to distinctive coarse prisms; prisms break
rather readily when dry to coarse granules, blocks break when
moist to fine angular blocks and coarse gramules; slightly
sticky and slightly plastic when moist; boundary distinct,

dark grayish brown (10YH 4/2, moist) light clay; firm, very

hard when dry; no visible structure in the mass but breaks to
irregular angular blocks under firm pressure; moderately sticky
and moderately-to-strongly plastic when moist, boundary distinct,

brown (10YR 5/3, moist) clay with rounded gravels; firm, very
hard when dry; no visible structure in the mass and does not
give a well-defined structure when broken; slightly sticky and
gbtrongly plastic when molst; boundary abrupt,

pale yellowish brown (drv) or olive (5YR 4/3, moist) gravellr
loany sand grading to reddish brown, iron-stained gravels at
about 120 cm.
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Profile No, 52 ~ Chilldn sand, intergrading to Santa Bdrbara sandy loam

Loecation
Altitude

Relief

Parent material:
Flant cover

Profile

0

Tt
2

- 10

Qe s

cm

cm

cm

cm

2 km west of Termas de Chilldn, fuble Province.
about 2000 m.

moderately steep hill slope.

andesitic volcanic ash

tHothofagus forest

dark reddish brown (5YR 3/2, moist; brown, 7.5YR L/4, dry)

coarse sand; very friable; no visible structure; non-sticky
and non~plastic when molist; boundary diffuse,

dark brown (7.5YR 3/2, moist; brown, 7.5YR 4/L4, dry) slightly
loamy coarse sand; friable; no visible structure; non-sticky
and non~plastic when moist; boundary distinct, V

very dark brown (10YR 2/2, moist; yellowish brown, 10YR 5/6,
dry) loamy sand; friable; weakly developed coarse granular
structure; very slightly sticky but non-plastic when moist;
boundary distinct,

dark brown (10YR 4/3, dry; dark reddish brown, 5YR 3f3, moist)
sandy loam; friable; weakly developed fine subangular blocky
structure; non-sticky and very slightly plastic when moist,
boundary distinct,

dark yellowish brown very fine sandy loam, etc., typical of
Santa Barbara soils.
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Profile No, 53 - Longuimay coarse sand., intergrading to Cautin sandy loanm

Location
Altitude

Aelief

Parent material
Plant cover

Profile

0O~ 8 cm

23 cm

o0
i

2% - 70 cm

i

70 = 100 cm

100 - 150 em

Qe o

su
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16 km west of Longuimay township, Malleco Province.
1460 metres. ‘ ‘

modergtely steep lower slopes of Longuimay volcano.
basic andesitic volcanic ash. ‘ ’ ‘
Araucaria forest.

black (5YR 2/1, moist; very dark gray, 7.5YR 3/0, dry) coarse
sand and scoriacecus gravel; very friable to loose; no recog-
nisable structure; non-sticky and non-plastic when moist;
boundary distinct,

light gray (10YR 6/1, moist; very pale brown, 10YR 7/3, dry)
very fine scoriaceous gravel, almost pumiceous; very friable;

no recognissble structure but laminated in place; non-sticky
and non-plastic when moist; boundary abrupt,

dark yellowish brown (10YR L/L, moist; yellowish brown,
10YR 5/4, dry) pumiceous sand; very friable; very weakly
developed fine subangular blocky structure; non-sticky and
non-plastic when moist; boundayy distinct, ‘

very dark gray (10YR 3/1, moist; gray, 10YR 5/1, dry) sandy
loam; friable; very fine granular structure; non-sticky and

very slightly plastic when molst; boundary distinct,

very dark brown (7.5YR 3/2, moist; brown, 7.5YR 4/L, dry) very
fine sandy loam; firm-to-friable; strongly developed coarse
blocky structure; very slightly sticky and slightly plastic
when moist; boundary diffuse,

brown to strong brown silty clay loam, etc., typical of many
Cautin soils.
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Profile No. 54 - Villarrica coarse sand, intersrading to Pucdn loamy sand

Location : about 5 km before end of Villarrica Refugio road, Cautin Frov.
Altitude 7 : about 1500 metres. o
Relief o wvery strongly rolling to moderately steep.

Parent material: pumiceous rhyolitic volecanic ash.

Plant cover : Nothofagus forest.

Profile

O - 5 em dark reddish brown (5YR 3/2, moist; light brownish gray,
10YR 6/2, dry) loamy coarse sand; friable; no recognisable
structure; non-sticky and non-plastic when moist; boundary
distinct,

5=~ 18 om brown to dark brown (7.5YR 4/3, moist; pale grayish brown,
10YR 5/2, dry) gravelly loamy sand; very friable to loose;
ne recognisable structure; non-sticky and non-plastic when
moist; boundary distinct,

18 - 30 cm ark reddish brown (5YR 3/2, moist; brown, 7.5YR L/2, dry)
coarse loamy sand; friable; weakly developed fine granulaw
structure; non-sticky and non-plastic when moilst; boundary
diffuse,

Ole o , brown grading to yellowish brown pumiceous gravelly sand

typical of Pucén soils.
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(56 )

Artillanca stony sand, intererading to Chanleuflt solls

Location
Altitude
Helief

Parent material
Plant cover

Profile

O -7 cm

7o- 10 em

10 - 25 om

D
pe)
I

35 cm

Ol o

se

PR

asbout 1/2 km from Antillarca Refuglo, Osorno Frovince.
1550 metres.

moderately steep to steep slopes of Casablanca volcano.
mainly basaltic volcanic ash.

Nothofagus forest.

black (1OYR 2/1, moist; very dark gray, 10YR 3/1, dry) coarse

scoriaceous sand; loose; no recognisable structure but laminated
during deposition; non-sticky and non-plastic when moist;
houndary distinct, : '

gray (1OYR 5/1, moist; very pale brown, 107R 7/3, dry) sand
and fine scoriasceous gravel; friable; no recognisable structure;
non=-sticky and non-plastic when moist; boundary distinct,

very dark brown to dusky red (7.57R 3/2 to 2.5TR 2/2, wist;
brown to dark brown, 7.5YR 4/4 to 10TR 2/2, dry) loamy sand;-
weakly developed granular structure; very slightly but non-
plastic when moist; boundary diffuse,

dark reddish brown (5YR 3/2, moist; reddish brown, 5YR L/3,
dry) coarse sandy loam; friable; weakly developed coarse -.
granular structure; slightly sticky and slightly plastic when
moist; boundary diffuse,

very dark gray brown (10YR 3/2, moist; yellowish brown,
10Yr 5/6, dry) coarse sandy loam grading to sandy clay loam,
ete., typical of Chanleufd subsoils.
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( 57 )

Collipulli sandy loam (Intergrade between Collipulli soils

Location :
Altitude :
RHelief :

Parent material:
Plant cove

on

Profile

0 - 5 em

5 « 15 om

15 - 60 cm

]

60 140 cm

Ollw s

das
friable-to-firm; no recognisable structure in the mass but
bre

and Senta Birbara soils)

about 6 km east of township of Collipulli, Malleco Province.
260 metres.

gently undulating.

andesitic volecanic ash over older volcanic ash or loess.
roadside grasses and shrubs. -

rk brown (7.57R 3/ 2, moist, brown, 7.5YR 4/4, dry) sandy loam;

aks to irregular flne‘subangular blocks and coarse granules
non-sticky and very slightly plastic when moist; boundary
distinet,

dark reddish brown (5YR 3/2, moist} reddish brown, 5YR 4L/4,
dry) sandy c¢lay loam; firm-to-friable; strongly developed
coarse granular structure; slightly sticky an4 moderately
plastic when moist’; boundwry diffuse,

dark reddish brown (2.5YR 3/4, moist; reddish brown, 2.5YR 4/l,
dry) clay loam to clay; strongly dbveloped medium angular
blocky structure breazking to fine granules; moderately sticky
and strongly plastic when moist; boundary diffuse,

reddish brown to red (2.5YR A/a to 4/6, molist; weak red,

2.5YR 5/2, dry) compact clay with very strong coarse blocky
structure when separated from the mass; sticky and very plastic
when wet; boundary diffuse, .

dark brown heavy plastic clay with occasional fragments
weathered andesite boulders.



Profile No. 57

Location
Altitude

Relief
Parent material
Flant cover
Profile

0~ 25 em

25 = 55 cm

Olle »

u&utln 8011q)

about 20 km southwest of Temuco, Uautin Province.
about 150 metres. ' '
rolling. ‘
mainly andesitic voleanic loess and ash.
roadside grasses; formerly roble forest.

dark brown (7.5YR 3/2, moist; brown, 7.5YR L/L4, dry) loam with
slight sandy feel; frisble to very friable; moderately davelo; ed
coarse granular strumtur@; non~-sticky and non-plastic when moist:
boundary diffuse, ‘

dark yellowish browm {(10YR 4/4, moist; brown, 10YR 5/3, dry)
fine sandy loam grading to heavy loam; friable-to~firm; weakly
developed coarse and medium subangular blocky structure breaking
to irregular gramles; slightly sticky and slight-to-moderately
plastic when moist; boundary distinct,

yellowish brown (10TR 5/6, moist; brownish yellow, 10YR 6/8,
dry) heavy sandy clay loam; firm; strongly developed coarse
blocky (verging on prismatic) structure 2, breaking further to
medium and fine blocks and coarse granules; slight-~to-moderately
sticky and moderately~to-strongly plastic when moist; boundary
distinct, ’ ' '

reddish brown heavy clay, sticky and plastic when molst.
2 W3 2



(59 )

frofile No. 5¢ - Freire silty clay loam (Intergrade between Vadi soils
and Humic Gley soils) -

Location s about 5 km north of Freire township, Cautin Province.
Altitude ¢ 100 metres.
Helief i flattish to very slightly undulating.
Parent material: wolcanic alluyium, mainly andesitic.
Plant cover ¢t roadside grasses; formerly forested.
Profile
O - 35 em very dark gray (10YR 3/1, moist; grayish brown, 10YR 5/2,

dry) silty clay loam; friable; strongly developed granular

“ . 0 ¥ ) Ty ) ~
structure; slightly sticky and moderately plastic when moist;
boundary distinct,

35 - 55 em dark brown (7.5YR 3/2, moist; brown, 7.5YR 4/L, dry) clay loam;
very weakly mottled dark gray and yellowish brown; friable-to-
firm; strongly developed medium and fine subangular blocky
structure; slightly sticky and moderately plastic when moist;
boundary distinct,

55 - €0 cm brownish yellow (10YR 6/8, moist; yellow, 10YR 7/6, dry) clay;
firm; strongly developed very fine angular blocky structure,
with peds showing distinct 'crispness'; moderately sticky and

.

strongly plastic when moist; boundary distinct,

80 -~ 90 cm brown (10YR 4/3, moist; pale brown, 10YR 6/2, dry) slightly
stony clay; firm, compact; weakly developed coarse blocky
structure breaking to granules; moderately sticky and moderately
plastic when moist; boundary abrupt,

Olla e compact gravel and clay.



Profile No. 59

Location
altitude

Helief

Parent material
Plant cover

Profile

Dot

5 em

5~ 20 cm

20 - 30 em

30 ~ 38 em

Olle »

sx  w=

52 s

( 60 )

Maldonado peaty sandy loam {(Inter Qvﬂib between Nadi soils
and Podsolic Gleys)

Maldonado plateau, Chiloé Island, Chiloé Province.
900 metres. :

very gently undulating

subaerial voleanic Muk over micasshist.

tall tussock grassland; formerly forest.

dark brown (10YR 4/3 - 2/2, moist; dark grayish brown,

10YR 4/ 2, dry) peaty sandy loam; friable; very weakly
developed coarse irregular blocky structure breaking easily
to granules and crumbs; non-sticky and very slightly plastic
when m01 ts bmundary distinct,

strong brown (7.5YR 5/6, moist; light browm, 7.5YR 6/k, dry)
loamy coarse sand; very firm, weaklv cemented, very hard when
dry; root channels lined with dark reddish brmwn (5vR 3/2
moist ) colour giving soil appearance of mottle; iamlnated
structure, breaking to flatbtened granules; very slightly
sticky but very strongly pl stic whem moist: boundary distinct,

light gray (10YR 6/1 moist; very pale brown, 10YR 7/4, dry)
clay loam; mottled and streaked with 1ight red (2.5YR 6/8
moist ), mainly following root channels and natural struohural
cracks; firm; no visible structure in the mass, but breaks
along laminar lines of weakness, and the flattened fragments
break further to very fine subangular blocks and granules;
slightly sticky and moderately plastic when moist; boundary
distinct,

greenish gray (5YR 4/2, moist; pale olive, 5Y 6/4, dry) coarse
micaceous loamy sand with guarts fragments; friable; iron-oxide
staining on many quartz fragments; no visible structure in the
mass but breaks to medium angular blocks; slightly sticky and
glightly plastic when moist; boundary abrupt,

weathering micaschist with many guartes veins; general fexture
gravelly sandy clay loam; iron-oxide coating on many rock
fragments and some accunulabion of humus in the fissures of
the weathering rock.
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THE RED VOLCANIC CLAYS OF CHILE

In Chile there is a large group of soils known as the 'Hojos ATOILl&sOUI
which have been related, by visiting pedologists, with the world soll group known
as Red-Brown Lateritic soils. Some of tzcge soils are derived derived directly
from granitic rocks, micaschists, and even Iarly Tertiary marine sediments; others
are derived from andesitic and h@@ﬁlhlﬂ volcanic rocks, while a third sub-group
are dpp@rbntly derived from a strongly wagtncr»& wuporflo al drift deposit which,
in all probability, FOnglufui largely anie ash or volcanic 'losss! con-
talning originally a high proportion ﬁ vo\,@ﬁic 1 and assoclated minerals.

It is not proved beyond doubt that these latter are basically derived mainly
from volcanic glass, but the probability is very strong.

In comparison with Trumao and Nadi soils, the Red Voleanic Clays are not.

S0 obvqouglv stratified, yet they do show horizontal discontinuities in texture
coldur, structure etc., and in the laboratory it can be demonstrated that the
pattern of the residual minerals also changes in conformity with the field charac-
teristics. Commonly, these soilg occur on undulating to rolling landscapes of low
relief; but they are also found on strongly rolling to hill landforms in the
Andean pre-cordillera. In most cases, the discontinmuities that are thought to be
indicative of depositional stratificaction tend to follow faithfully the curves
of the landform. From time to time, the occurrence of thin strata of a pronouncedl;
different colour or texture, gives the impression of a mud-shower horizon, formerly
in a cemented state, but now very thoroughly weathered. By no means all the Red
Volcanic Clays have originated from a ash mantle or a VOlL&ﬂlC loess mantle, but
it 1s very likely that some of them are so derived.

Granted this probability, then it follows that ‘the present soils must
represent a further stage in the weathering of volcanic glass, one in which all
or most of the allophane formed in the first stages of weathering has now been
converted into crystalline clay minerals such as kaolinite, gibbsite and halloysite-
kaolinite intergrades. '

In many parts of the south-central sector of the Andean cordillera, where
the stratigraphic soil column shows a conhinuouq saquence of volcanic ash of
increasing age from above downwards, the lowermost strata are weathered to a stage
approximately equal to the Red Volcanic Clay soils of the lowlands. In these soil
columns, there 1s a gradual progress from ti@ uppermost (allophanic). soil, to
buried soil materials that show, first a rise in halloysite and motihxlloy 1tw in
the clay fraction, then the appearance of kaolinitic clays, until the oldest may
show almost complete dominance of kaolin (often with gibbsite). T%'oﬁuﬂ1Wem
the lowlands is somewhat different. In certain areas there is inter-mixture mt
allophanic and non~allophanic mabterials, giving an intermediate type of materi
but far more commenly there is a sharp 1L continuity (Figs. L and 2) between ﬁbﬁ
upper allophanic soil, and the deeper materials that are without allophane but
very rich in kaolin. OUver wide areas, the allophanic surface layers are absent
and here the whole soil profile is developed in the reddish kaolinitic material.
This sharp discontinuity, vhich is the rule rather than the exception on the
lowlands, sugrests that the older drift materials have undergone accelerated
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weathering during a much wetter and warmer climabic period. It is tempting to
think that such weathering may have taken place during one or more of the inter-
glacial periods, or during some past time when the influence of the Humboldt
current had less control over the climate of Chile than at the presant tims.

There seems to be no way of proving, even by .inference, the validity of
the latter suggestion, but some recent field studies by Velschet and Vrisht
in 19635 in the formerly glaciated regions of Valdivia, Osorno and Llanguihue
provinces gives considerdble support to the possibility of there have been some
accelerated weathering of a drift mantle in the interglacial periods. ‘

Undoubted glacial deposits first appear on the lowlands in Cautin vrovince,
and they extend further and further out over the lowlands from the foot of the
dndes as one progresses southwards to Chilod Island. schet (1958) recognises
four groups of glacial materials belonging to the Quaternary period. The first
glaciation brought glacial ice almost to the coast in the southern provinces, and
on the retreat of the glaciers morainic, glacial~lacustrine and glacigl-fluvial.
debris was left on the eastern flank of the coastal ranege. The solls associated
with these glaclal drift deposits are very highly weathered clays (in part overlain
by younger volcanic drift). The presence of abundant gibbsite nodules in the soils,
plus the common occurrence of magnetite as the only residual non-clay mineral other
than quartz, strongly suggests that the original glacial materials were overlain
by a volcanic loess which subsequently underwent very strong weathering. Such as
would certainly be the case if the soil had remained in place during the three-
subsgequent interglacial periods.

The second period of glaciation extended out over the lowlands almost as
far as the first one, and the associated soils (Fresia, Cudico, Los Ulmos, etc.
series) are rather less weathered than the soils associated with the first
glaciation (Napeco), but are certainly very much older and more weathered than
the allophanic Trumao soils. The soll clays are mainly kaolinitic, with some
gibbaite and a little halloysite. In many places these solls overlap on to the
older soils materials assoclated with the first glaclation, but the coincidence
of boundaries is remarkably good., Again, one is temphed to postulate the covering
of the post~glacial landscape with volcanic loess or drift, - the weshbern limit
of the materials being somewhat sharply defined by the operation of the onshore
(westerly) winds. It is a feature of these soils associated with the second
glacial epoch that prominent solifluction features appear with great regularity
in the drift materials; in some places two cycles of solifluction can clearly be
seen. It is tempting to think that these features may be a further indication of
two disbinet interglacial periods. The third glacial period brought glaciers
Cagain over the lowlands to a point about half way between the foot of the Andes
and the coast, and again the associabted soils are less weathered than those of
- the preceding second glaciation, having a far higher proportion of halloysite,
less kaolin, and often a 1little allophane in the clay fraction. The drift materials
associated with this third glaciatlion is often guite thickly mantled by later
deposits of volecanic ash and volcanic loess; it is only in the layer immediately
in contact with the glacial materials that reflects the true stage of weathering;
and in some areas there is unavolidable confusion between this latter material and
some of the older subaerial ash deposits. Finally, during the fourth and last




glaciation, thﬂrw was again glacial ice on the lowlands, but this only extended
for a short distance beyond the present limit of the lakes. The ash and volcanic
loess deposits agsociated with these glacial moraines is wholly allophanic in
nature. The fluvio-glacial materials and glacial outwash plains formed during
this last glaciation are now the location of most of the ladi soils, whose upper
layers {(beyond the accelerating influence of the watertabls on w@wuhurtnp‘ are
wholly allophanic. :

Thus a review of the soil pattern and subsoil characteristics the main
area of Chile where glacial action extended onto the lowlands, does le yd colour
to the sugge v that the Ked Volearnic Clays owe theiy nature to acceleraber
weathering dwring the passage of one or more interglacial cyecles. The pattern of
digtribution of the lazst pOstw§7ﬁ“1al (Tru 20) soils lends some support to the
idea that aeolian drift rich « sle 1s normally picked up fwom
periglacial zones and redistributed over the glacial landforms through the action
of the westerly winds.

There 1s additional evidence that volcanic ma%@rialﬁ were achtually settling
on the frozen landscape during the accumilation of the acial dce. In both the
third and second series of glacial moraines, there are a thick beds of coarse
volcanic ash, of intermittent distribution, and showing qfronv but fine lamination,
aligned not horizontally (as it would be in lacustrine or alluvial deposits) but
slanting as if they were originally laid down as debris cones. These beds have
the local name of 'c s, gua. l@?>51uo associated with the moraines of
the second glaciation are now fairly soft and weathered, whereas those of the
third glaciation are still cemented. It is probable that this cementation arose
subsequent the release of subderial ash trapped in the glacial ice, and may be
due to the release of silica, calcium and nesium during the initial weathering
processes alter the material was emplaced, pz“mL+t1ﬂw cementation by silicates.
Once cemented, the ash of the cancagua would naturally escape further weathering:
in the case oi the cancagua associated with the “mcand claciation, weathering is
only now D@netrafin' through the ss; while in the younger cancaguz of the third
glaciation only the uppermost layers near the soil ~urfau@ are just now beginning
to break down. The cancarpua materials thus show retarded weathering in comparison
4 before the advance of the ice or after its

with volecanic drift deposits emplaces
retreab.

Furthermore the cancagua beds have preserved within their ¢ ;
slebg, chunks and balls of weathered volcanlic ash that were first pioughad up b”
he nose of the advancing glaclers, and then subse %uvn*ly incorporated i
glacier jce; to be released on fh‘ rhtrvut of the glacier simulataneously w*th
the release of any fresh ash trapped in the ﬁlx(¢wr, In this way the cemented
Canc&gud has preserved fragmer of 1n+@_3 3011 materials. The chunks of
soil must have been frozen solid at the - advance of the glacier, and
they have been preserved to a wrkable dwgr@f many of their former goil charac~
teristics. In many cases it 1s possible to identify soils that have been inverted
completely, or turned through 90° from their original orientation. In some cases
even the thin iron-pan horizon has been preserved intach.

‘ese are not only
interesting fragments of fossil soils, but they are relicts that have some possi-
bility of vaﬂtUilly heing dated.




, Additional evidence for the antiquibty of the Red Volcanic Clays is provided
by the prevalence of solifluction layers. This is quite apart from the massive
golifluction effects that appear to corrslate with the penultimate and anti-
penultimate interglacial periods: but refers more specifically to relatively minor
mass movement on moderately steep slopes. This is a feature rarely shown by
allophanic (Trumac) soils which have a far greater capacity for absorbing water,
and when frozen extrude the water as long needles. The crystalline clays of the
Red Volcanic Soils cannot so readily expel water on freezing, and, when the cold
period passes, the mass of wet surface soil sitting on a still frogen subsoil,
moves slowly downhill, finally settling down in a more compact mass with its
former structure much modified. In this way, on many south-facing slopes near
wide riverbeds, where there has been repeabted accumulation of aeolian volcanic
dust in ancient times, the drift mantle shows layer after layer with solifluction
characteristics. In places these show some indication of gradually changing
environmental conditions as if solifluction diminished as the landscape became
drier or warmer. Since these features are so rarely shown by the allophanic soils,
the ash minerals in the aeolian drift must have been in abt least a moderately
weathered condition at the time of their deposition: posgibly they were weathered
in the penultimate interglacial period (or earlier), and were eroded, deposited
and 501if1u¢ted at the sart of the succeeding post-glacial period.

Un the balance, the evidence from the four southern provinces where glacial
deposits and Red Volcanic Clays occur in conjunction seems strongly to support the
hypothesis that these materials owe their present condition to a long history of
weathering, intermittently accelerated during warmer interglacial climatic con-
ditions. What, then, of the Red Volcanic Clays of Caubtin, and the provinces north
to Talea? In this part of Chile, the Red Clays originating from drift materials
(as opposed to those clearly derived from underlying rocks) have a rather significant
distribution. Near their northern limit, they are confined to the pre-cordillera
foothills, and they first emerge on the lowlard plain to the south of the Maule
river, — appearing as fragmentary patches of, quite possibly, alluvial origin.
Further to the south, they are more extensive (see Fig. L) and may have been
derived from volcanic loess or subaerial ash deposits; and, in the vicinity of
Collipulli, they extend nearly half way out across the plain. Still more to the
south, they extend across the Central Vale as far as the foot of the coasbal range,
and finally in Cautin province, they extend right to the coast. Northwards along
the coast, patches of Red Volcanic Clay occur on many of the older (higher) bench
terraces: a pattern of distribution remarkably similar to that shown by the younger
Trumao soils. Clearly, muchof their former extent has been obliterated by erosion
in the Central Vale, but the remnants left do show a clear relation to the known
limite of earlier glaciations. North from Villarrica, the western limit of former
glacial activity retreated into the Andean cordillera; the limit of the Red -
Voleanic Clays follows a parallel course some 30 to LU km further westward.
Moreover, the remnants of the Red Volecanic Clays are now found mainly on the older
(higher) landforms of the lowlands. The implication is that these soil materials
were emplaced long before the last glacial period and thus also have probably
undergone accelerated weathering during interglacial cycles.

A typical soil profile of a Red Volcanic Clay near Temuco shows:



35 - 115

115 ~ 200
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dark reddish brown (5YR 3/4, moist; dark brown, 7.5YR 3/&, crushed)
heavy silt loam to silty clay loam; friable-to-firm, slightly hard
when dry; moderately developed coarse blocky structure, breaking to
strongly developed very fine blocky and coarse granular structure,
and breaking further to very fine granules; slightly sticky and
moderately plastic when moist; boundary diffuse,

dark reddish brown (5YR 3/4, moist; dark reddish brown, 5YR 3/3,
crushed,) heavy clay loam or light clay; friable-to~firm; rather

weakly developed coarse blocky structure, breaking readily to very

strong coarse granules; very strongly sticky and moderately strongly
plastic when moist; boundary distinct,

dusky red (2.5YR 3/ 2, moist; dark reddish brown, 5YR - 2.5YR 3/3,
crushed) clay; firm to very firm; very strongly developed angular
blocky structure with strong vertical fissuring (almost prismatic),
breaking to very strongly developed fine angular blocky structure,
and finally fo very coarse granules; well~developed clavskins on all
peds; very strongly sticky and very strongly plastic when moist;

boundary distinct,

., . 4 P /o . .
dusky red to dark reddish brown (2.5YR 3/2 to 5YR 3/3, moist; strong
brown, 7.5YR 5/6, crushed) heavy clay; extremely firm, very hard when

dary; strongly developed prismatic structure, which can beé broken with

great difficulty to medium end fine angular blocks; iron and manganese
oxides stain the surface of the prisms; clayskins and pressure ridges
(similar to slickensides) common on surface of prisms; very strongly
sticky and extremely plastic when moist; boundary abrupt,

strong brown (7.5YR 5/ 8, moist; no change in colour on crushing) clay

Loam with some fine and medium quartz sand; very firm, hard to the

point of being cemented when dry; indisbtinct irregular fissuring but
no other structure when moist, yet peels off in fine prismatic peds
on exposure to drying in road banks; few or no claysking, and no
presgure ridges; perforated by many holes and fine tunnels resembling
worm or root channels, which are lined with manganese and iron oxides
and probably humus; cuts with waxy shine as if containing gibbsite;
slight-to-moderately sticky, moderstely plastic when moist; boundary
abrupt,

dark red to dark reddish brown (2.5YR 3/6 to 3/4, molst; dark reddish
brown, 5YR 3/k, crushed) clay; firm to very firm; very strongly
developed coarse prismatic structure, breaking with difficulty to
medium and fine blocks and very coarse irregular granules; all peds
with prominent clayskins and some pressure patterns; occasional
deposition of manganese and other sesquioxides on surface of prisms;
extremely sticky and plastic when moist, boundary distinct,

dark reddish clay with fragments of weathering andesite, grading into
gray soft weathered andesite at about 650 cm.
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The above profile illustrates most of the significant features of the Red
Clay soils thought to be derived from volcanic drift. There is evident discon-
tinuity in their vertical sequence, especially marked at the 200-230 cm level,
where the material has all the typical features of an old mud-shower that became
cemented soon after deposition. None of the layers above this shower horizon can
have been derived directly from the underlying andesite, and the similarity between
the two layers immediately above and below the shower material suggests that even
the lower material may not be derived fro@ the andesite below., Apart from a little
quarts (abundant only in the shower layer)y the chief residual wineral ils magnetite.
The whole soil profile may well have been bullt up over a long interval of time
from successive accumulation of volecanic dust ('loess!), with occasional additions
of subaerial volcanic ash. The soil is c¢learly very much older than the allophanic
Trumao soils that are present in the same region. Kaolin, gibbsite and halloysite
are the chief clay minerals in all horigons; gibbsite is present in abundance in
the ghowsr horizon, and the 10warnost strata are dominantly kaolinitic. The soil
described above is Padre las Casas silty clay loam, as developed near Mebrenco,
Cautin province.

Soils of this type have been described as Red-Brown Lateritic soils and as
Rhodocrults. They are quite similar to some of the Brown Granular Clays from
voleanic ash described from New Zesland, and %hair colour (and some structural
features) are not dissimilar from the Terra Roxa Dstructurada soils of Sao Paulo
State in Brazil (S.N.P.4. 1960), In common with these latter 5oils, the Red
Volcanic Clays of Chile are almost impossible to photograph in their (apparent)
natural colour.

The Red Volcanic Clays have a cation exchange capacity of 35 or less and
usually less than 30% base saturation; the pH ranges from 5.5 downwards, and
phosphate fixation is about normal, — nowhere as high as in the allophanic volcanic
ash soils. For this reason, they are much more easy to farm and most fertilizers
(also lime) give adequate returns. Their tilth is much different from the allophanic
soils, but they are well granulated in the topsoil, so that after ploughing the
clods rapidly break down to fine granules and form good seedbeds. They are, however,
highly susceptible to erosion by water.
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EXPLANATORY LEGEND TO FIG, A

SUB-HUMID ZONE

AEGION 1

"Trumae! Soils

1/1 - From subaerial voleanic ash on foothills

1/2 - From subaerial voleanic ash on rolling downland

1/3 = From volcanic loess on gently undulating high plains

1/L = From volecanic alluvium on flattish low plaln '
1/5 ~ From drift containing volcanic glass on coastal terr%ces
1/6 = From subaerial pumiceous ash on upland plateau

[

Steepland "Trumao" Soils

Sy = Steeplands with occasional patches of volcanic ash.

32 - 3teeplands with thin but continuous mantle of volcanic ash
83 = Steeplands with thick mantle of basaltic sandy ash..

3), = Steeplands with thick mantle of rhyolitic pumiceous. ash-

"Red Volcanic Clays"

Ry - From ancient volcanic loess and ash on foothills
Rp - From ancient volcanic loess on downland
R3 = From anclent drift deposits on coastal terraces.

HUMLD ZONE
REGION 2

TTrumao” Soils

2/1 ~ From subaerial volcanic ash on foothills

2/2 - From subaerial volcanic ash on rolling downlands

2/3 - From voleanic loess on undulating high plains

2/l - From voleanic alluvium on flattish low plain

2/5 - From subaerial pumiceous ash, etc. on upland plateau

Steepland "Trumao! Soils

S84 - Stepplands with discontinuous manple of volcanic ash
Spa ~ Steeplands with thick, continuocus mantle of volcanic ash
35 = Steeplands with thick, continuous mantle of pumiceous ash

Red Volcanic Clays"

R, = From ancient coastal drift and lacustrine sediments



R5 —~ From ancient volcanlic loess and andesitic tuffs
Rg = From ancient volcanic loess of coastal areas

Recent Voleanic Ash Soils

Vi = From recent andesitic ash
Vo - from recent basaltic ash, sand and scoria

REGION 3

"Trumao Soils!

3/1 - From subaerial volcanic ash on foothills

3/2 - From subaerial volcanic ash on rolling downland

3/2a~ From pumiceous subaerial volcanic ash on downland

3/3 - From volcanic loess on undulating high plains

3/3a- do... older, more weathered, transitional to Red Voleanic clay
3/L - From volcanic alluvium on flattish low plains

3/5 - do... mixed with recent volcanic ash

3/6 - do... older and more weathered alluvial ash material

3/7 - From drift on coastal terraces

N -~ Assoclated "Nadi" Soils

Steepland "Trumao" Soils

34 = Steepland thickly mantled in volcanic ash

"Red Volcanic Clays"

R7 - From ancient volcanic loess
R8 - From ancient volcanic loess and micaschist

Recent Volecanlc Soils

V3 =~ From recent volecanic ash, mainly andesitic
V, - From recent volcanic ash, mainly basaltic

REGION 4

"Tlyrumao Soils'

4/2 — From subaerial volcanic ash on rolling downland
/22~ do.es in part pumiceous
L/3 - From volcanic loess on ancient glacial landforms
N -~ Associated "Nadi" Soils



Steepland Soils

Sg = Steeplands with thick ash mantle, in part pumiceous
B39 - Steeplands with thick mantle of mixed volcanic ash
510 = Steeplands with thick mantle of pumiceous ash

511 - Steeplands with thick mantle of basaltie ash, etc,

"Red Volcanic Clays"

R10 = From ancient volcanic loess and micaschist
R11 = From ancient volcanic loess

Recent Volcanic Ash Soils

V5 = From recent volcanic ash, mixed rhyolitic pumice and andesite
From recent basaltic sand and scoria

V7 =~ From very recent basaltic ash, sand, scoria and lava

Vg = From very recent coarse rhyolitic pumice

Vg - From mixed basaltic and andesitic ash

V1o ~ From andesitic ash, sands and lava

<
o~
I

SUPER-HUMID ZONE

REGION 5

"Trumao Soils"

5/ - From subaerial volcanic ash and loess
5/3 - From volcanic loess
N~ Associated "Nadi" Soils

Steepland Soils

S12 ~ Steepland thickly mantled in volcanic ash

Recent Volecanic Ash Soils

V11 ~ From recent pumiceous ash






BXPLs NATORY THEGEND TO FIG, 10

SNVIRONMENTAT, REGIONS OF THE SOUTHERN ANDEAN 20N OF SIGNIFICANCE TH CURIGENT
20T, FORMING PROCESSLS

1. dbso’whe dssert region

la. Ixtremely arid, maximum elevatlon 2.750 m; no distinct seasonal rhythm of
precipitation, high day temperatures, coldest mean monthly temperature in
range 10 - 20°C, warmest MMT in range 20-30°C: minimal weathering, minimal
leaching, and only weak capillary movement of soluble salts; drift regime
locally very active; organic regime minimal: True desert soils (mainly
regosolic and lithosolic, with saline accumulabtion in salares and associ-
ated Dry Res’dual Solonchaks).

1b. Extremely arid, maximum elevation 1.000 m; no distinet seasonal rhythm of
preciplitation, regular diurnal condensation of ecoastal fog humidity,
coldest MMT in range 10-20°C, warmest MMI' in range 20-30°C: only very
slight weathering in soils of oldest and most stable landforms, minimal
leaching, strong return of soluble salts to surface by capillary action
leading to salt crust formation; drift regime weak; organic regime minimal
to very weak: Coastal desert solls and salt crusts.

2, Desert region of lowlands (maximum elevation 3000 m.)

2a. arid, no distinct seasonal rhythm of precipitation, moderate to high day
temperatures, coldest MMT within range 10-20°C, warmest MIT within range
10-20°C: minimal weathering, minimal leaching, minimal to very weak return
of soluble salts by capillary action; drift regime locally quite active;
organic regime minimel to very weak: Desertic soils (Regosolic and Litho-
solic soils related to Minimsl Red Desert solls, with soils that are
perhaps Minimal sierozems and Calcisols.)

2b, Arid, weak pattern of winter precipitation, high day temperature, coldest
MMT within range 10-20°C, warmest MMT within range 20-30°C; weak weathering
in immediate subsurface part of soil profile, minimal to very weak leaching,
in part mullified by moderately strong capillary return of soluble salts;
drift regime locally very active; organic regime very weak: Desertic soils
(Minimal and Modal Red Desert soils and related lithosols and regosols,
with assoclated saline alluvial and colluvial soils.)

2c. Arid, distinct pattern of swmmer precipitation, high day temperatures,
coldest MMT within range 0-10°C, warmest MMT within range 20-30°C: wesk
to sub-moderate weathering strongest in subsurface part of soll, very
weak leaching, moderate to strong capillary return of soluble salts; drift
regime locally strong; organic regime weak to very weak: Desertic soils
(Modal Red Desert soils and related lithosols and regosols, with associ-
ated Calcisols and Sierozem~like soils.)




a. 10

le srid, distinet pattern of summer precip
temperatures, coldest within range 10-20°C, warmest MMT within rang
20-30°0; sub-moderate westhering mainly effective in subsurfuce horlzon,
Very weak l“”bﬂlﬁw, noterate return of capillary salbs throu vpillarity;
dtﬁ“% regime moderste and organic regi: ki Desertic soils (Modal to
imal sed Desert soils, Calcisols, and olerozem-like soils with relsted
lithosols and regosols, and with assoclated Solonchaks, etc,)

JLtaLJUU, high to very high day

~

=1

Ze, Arid, no dis pattern of precipli moderate day soll
temperatures, within range 0~10°0 2ot bund within range
10~20°C; very weak to minimel weathering throughout profile, very we:k
to weak leaching; moderate capillary return of scoluble salbts; drift reg
locally very active; organic regime wouu‘“liy weak except for patches
local peat accumulationt Desertic soils (Gray, and Grav-brown De
soils, with related repgosols and lithosols, and with assoclated Soleonchaks,

and saline Crganic soils, Half-bog soils, etc.)

zhoday soil
wi thin range
g, moderate to

2f¢ Arid, week pattern ol winter precipitation, moderate
temperatures, coldest MYL within r z 0~10°C, mest
20=30°Cs very weak weathering, very weak to weak leachin
strong caplillary return of soluble saltsy driflt regl ioeally very octive;
organic repime weak? Desertic soils lnaergradihé to vemi-desertic solls
(Gray-brown and Srown Desertic soils, Galglgolu, OlGFO%@m~liK@ soils, all
with related regoscls and lithosols, and wilh assoclatzd saline alluvial
and colliuvial scils, etc.)

3. Desert region of highlands (minimum elevation 3.000 1. )

3a. arid, no distinct rhythm of precipitation, moderate day soll temperatures,
coldest T within range 0-10°C, wormest month within renge 10-20°C; wvery
strong cold and dessicating winds and very low baromsiric pressures col
minimal weathering, winimal to wvery wesk l@&chiﬁ@, weak to moderate return
of soluble salts by capillarity; drift regime generally active; org

regime weak and localy Desertic niLlpL@no soils (ﬁiﬂlmal Uray Desert soils
d related lithesols and regoscls, with ascoclated Recent Volcanic soils,
mmnlmal Caleisols, idnimal Sierosem-like solls and derived colluvial and

alluviel soils.)

3b. srid, weakly defined pattern of summer precipitation, moderate day soil
temperatures, coldest MMT within range 0-10°C, warmest MMT within range
10-20°C; frequent strong, cold and dessicating winds and low barometric
pressures: minimal to very weak weathering, very weak leaching in part
nullified by moder:te capillary return of soluble salts; very active
drift regime; organic regime weak and locali Desertic altiplanc soils
(Gray, Brown and Reddish~brown Desertic soils and related lithosols and
regosols, with associlated Calcisols, Minimum Sierozem-like solls on more
stable landforms, and with assoclated Hecent VOlwudlf solls, and alkaline
semi-bog soils,)
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Semi-desert region of lowlands (meximum elevation 300 m. )

Zp&k .

Lb.

Ld,

;{ptﬁ »

LI,

Semi-arid, winter precipitation, moderate to high
summer, coldest within range 10-20%C0, warmest
week weathering of surface soils, sub-moderate we
weal leaching in winter, in part counteracted by we
return of soluble selts in late spring; drift r<r¢ma
organic regime not better than modurabte and loc
(Caleic rown soils and related steepland soils and
ated Grumosols, Rendzinas, and locally :inimel won-Calclc Srown
their related steepland soils and lithosols).

moderate cavlllary
eak to moderate
weak: Jemi-arid solls
lithosols, with associ-
soils and

demi—&rid, wﬂwt@w precipitation, mode: lay soil temperatures in
coldest “MI within range 0-10°C, warmcst T within range 20-30°C;
wuaﬂhprlub fbrough ut soil profile, wsak winter leaching, in part counter-
acted by weak capillary return of soluble salts in summer; drift regime
weak; organic regime moderate: oSeml-arid solls (d0‘1n@nilv Non-Cal
Srown soils and their related stecpland solls and lithosols, but NL*F 4850
ciated Calcic Brown soils, Grumosols, Rendzi , and soils transitiorsl to
Red-prown Lateritic soils with thelr relat steepland soils; also alluvial
soils ete.)

)

semi-arid, winter precipitation, falrly high soil t@mpprnbn €3 in
summer, coldest MMT within range 0-10°C, wa :?f‘ T within ran-e 20-30°C:
week to very weak weathering, weak leaching, weak to moderate r@turn Of
soluble sclts by capillarity; drift regime locally very sctive; orga

regime mainly weak but locally mocerate: oemi-arid soils (in part ch “im
tional to Semi-desertic soils and including Calcice Brown soils, Galcisols,
Silerozen~like soils, ¢imal Red Desert soils, Minimal Brown. Forest solls
eto., all witn relsted lithosols and some steecpland soils, and with derived
alluvial and colluvial soils; locally some development of Hecent Volcanic
soils. )

Semi-arid, no distinct seasonal rhytlu
soil temperaturss in summer, coldest
within range 10-20°C: weathe r
return of soluble salts weak; drift reg
organic ref . moderate, but locally strongly developed: semi-arid scils
(Minimal &hbnuﬁﬂu soils, with Brown semi-desertic solls, and with related
regosols and lithosols; locally Half-bog and oz soils).

of preoipit@tiaﬁ, warm to cool day

renge 0-10°C, warm
ching weak Lo moderate, caplllary
onlg locally moderate to strong;

Semi-arid, summer nrecipitation, warm dag
coldest MMT within rarnge 0-10°C, warmest 1 20-30% weak to
sub-moderate weathering, weszl to moderate ak capillary return
of soluble salt ardft re » locally active; organi cgime mouer:
Semi-arid soils (muinla Luhcwuel sierozem—-Llike soils and related lithosols
and reg @ooiaﬁ and with assoclated uolouchans, ebe.)

011 “WDQ?(DQT»Q in summsr,

Mo

Semi-arid, summer vrecipitetion, relatively not Qav u@ll tggnurutur<) in
sumner, coldest | w;thH rangc 10-20°C, warme
moderate weathering, wesk to moderate 1m&ch1ngﬁ weak Lu@llidfy r@turn of
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semi-desert region of highlands (minimum elevation 3.000 m, )

ATID TO PTG
LEGESD 10 vIG, 10

soluble salts; drift regime locally active
arid solls (R@dM' =brown and Brown desertic ;
with related regosols and litheosols, and with associat
alluvial bOLlS, hydz@usrphic soils etc.)

J

summer “YLLLpEtwuxuﬂ, @oal day soil uompb
‘ wmthlu
res

tures in swomer
e 10-20°0; very
* Wea ‘{/ @

pillay

uold&: ;
@Qld, uesp;catlmg winds “nd jmm
weak weathering, weak ranging to
of soluble salts in general, bub .
salts in local peaty soll; drift regime 1Q@uLl
ﬂaak o noa@ri'@} locally strong where
~-arid altiplano soils (mrwwn di:@ﬁtl@ soils,
Nlﬂlm&i Paramo soils, grass-melanised very weakly weathe
Forest solls, etc,, with related steepland and lithosolic solls;
associated Organic soils.) :

Semi-desert transitional to sub-humid region of lowlands (meximum elevation

bc.

2,000 m, )

venl-arid to sub-~humid, winter precipitation but sson has up to eight
months without effective rainfall, warm summer day soll temperatures; very
light forest cover, in part orchard sasvannas weak to sub-moderate weathering
weak to sub-moderate leaching, very weak or no return of soluble salis
through capillary action; drift regime moderate to weak; organic regime
moderates Transitional Semi-arid to bub-humid soils (UiﬂLMQl Brown Forest
steepland soils on younger land surfaces with some MNon-Caleic Brown soils;
s0ils transitional between Non-Calcic Brown and Red-Brown Lateritic or Red-
yellow Podzolic soils on older 1&nd surfaces; and assoclated Recent 4lluvial
soils, Recent Colluvial soils, Grumosols, etc.)

£)5

}

&

Jemi-arid to sub-humid, swmer precipitation, worm to hot day soll temperat-
ures in summer; light forest etation: moderste westhering, weak to
moderate leaching, wvery weak or no “uplllmfy return of oiubl@ saltsy drift
regime moderate to strong; orgal k to moderate: Transitional
Semi-arid to oub-~humid soils brmv forest 301L), Rubrozems, Ulnnamon soils,
stc., in part transitional to @dwbrown lateritic soils and Red-yellow
Podzolic soils, with related steepland soils, i&bﬂ(ﬁ&lv} regosols ebe., and
with associated Recent rlluvial soils, ete.)

oemi-arid to sub-humid, no distinct patiern of seascnal precipitation and
ugually no months without some effective molsture, cocl day goai tempera-
tures in summer, soils frogen for several months in winter; moorland and
tussock grasslend vegetation: weathering weak to sub-moderate, leaching
moderate, no return of DQWijQ galts through capillarity, locally strong
gleying; drift processes locally very utfon? organic regime moderate to
strong, local formation @f peat bogs: Transitional semi-arid to Sub-~humld
soils (Patagonian Prairie soils and soils transitional to Planosols mainly,
with associated Half-bog and Organic soils).
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veml-desert transitional to sub-humid reglion of highlands (vt ni mum

o

in part

id, winter precipitation but
il temperatures; tussock saland step
: oh@ris) scrub: weak to very wesk weathoring, wea
leachlng, i ul return of soluble salts through Cax&LlarLt

to moderaste ying; drift regime moders Ls,iy active; organic rfw
to moderate Qvt locally strong where uﬂfin th@rm ‘?5 at
landscape and permit bog formation: LP sitional semi~-arid to
altiplano solls (m%'niy Lithosols i 5@1& related to Mind:
For 3011U9 ur@wn L rtic soils, and grass-melaniscd Srown

Recenﬁ soils and imal Parsmo soils, and with
loc and som Organic soils.)

31 z‘.“\ ~~? }

p—

L

assoclated

semi-arid to sub-humid, summer precipitation falling as rain, but also with

considerable cloud QQﬂdbﬁSﬁtiOm ab all times of vear, cool day soll
emperatures in summer; dwarf forest (uhuquiragua oppositofolia):

weatherir moderate to strong L@u@hing, moderate gleying, no return of

solubla 3 lts th?ouﬁh Luoiilfrlt/j drift regime moderate to weak; org

1 ] sitional Semi-arid to oub-humid alti

and lithosols r@l&t@d to drown forest arnd

rxbLav;Jrgvnl ;Oi\jot ‘JQLl 5

Sub-humid region (lowlands and highlands)

8&1 .

8¢,

ation but with 3 to 4 months without effective
rainfall, warm summe soll temperatures; medium forest cover: sub-
moderate to moderate sthering, weak to moderate leaching, practically no
eturn of soluble salts through capillerity; drift regi moderate to mbu;;
organic regime moderste to strong: Sub-humid soils (Hed=brown Lateritic
soils and Red-yellow Podzolic soils on older land surfaces, with related
Stewpland and colluvial soils; drown Forest soils and related stecpland
goils and lithosols on younger land surfaces; and with occasional associ-
ated slipht-to~moderately weathered allophanic (Trumao) soils and their
derivative soils.)

sub~humid, winter 1rugiv’

sub~humid, winter precipitation but with much snow in winter and with only

to 3 months without eflective prec LUIL(*LOh cool summer day soll temper-
3
atures; low forest (mothofagus antarctica) grading to tussock grassland:

Kk to sub-~-moderate weathering, weak to moderite leaching, no capillary
return of soluble salts, locally wesk gleying; drift regime strong to ve
Sﬁ?@ﬂ{ whers n<tur Wl lﬂf\o? >Lroyud but only weak under natural

onditions; o 1me to strong: Sub-humid soils (Mini
mcld Brown Forest : t soils, and related lithosols and
steepland soils, and d weakly weathered allophanic (Trumao)
solls, Half-bog and U Hecent .lluvisl solls and Recent
Colluvial soils).

;!

ate

assoclat
sriie solls,

oub-humid, summer precipitstion, werm to hot summer day soil te *turas;
nedium forest cover in part: moderate to strong weathering, weak to sub-
moderate leaching, no cepillary rvturn of soluble salts, locally wesak
gleying; drift regime moderate; organi cgime moderate to weak: Sub-humid
soils (Red-brown Lateritic soils, hed-yellow Podzolic s0lls, and rml@bud

steepland soils, and with associated Liydromorphic soils.)
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9., Humid region (lowlands and highlands)

Ya,

o

L0, Super-humid regio

bumdd, winbter precipitation, usuvally
is low, w summer day soll t
moderate moderate~to-stror
weak gleying: , rate; org ; &
Humid soils (Brown Forest soils and related st solls and lithos
on younger land surfaces; Hed-brown Lateritic le malnly on older l:
Suri@b:o, together with related ste@pl£“d Soilag slso assoclated sube
moderately to 1odebrmm.y weathere: snic (Urumao soils) and t
related hydromorphic soils (m mullu), ﬂ@ca tollluvial solls, ol
soils and some Recent Volcanic ash soils)

1 to 2 months when @ff@cti'@ moisture

thering,

to g m’wr gt
24 ﬁw1ai

Humid, mainly winter pre
year, warm to cool ¢
orz‘JwQ t-lrlacial volcee

roderate~to-strong

ipitation bui v;f@“*i'a oisture all throug
er day soll v forest eover
vic ash goils v matlon pr
strong W@mth@“ uyﬁ ‘,“o te-to-strong lesching
lomll v mode gy drift regime wealk {apé;rt from periodic
of fresh volce organic g z to very strong: Humid
(hcid Srown forest soils and related soils and lithoaol;
younger land su free of wvol ,;1@; d-brown i
solls on older land free > or formed

during last pre~glacial t ] to stron
sllophanic (ixmmmo) soils and re
where; also some Gley solls and O

10b,

10¢.

Super-humid, mainly wzut&v pr{@'“'*'thn but ! sasonal pattern of
rainfall distribution, 3 v 501l wbures: heavy rainforest
cover: moderate and gtfong weathering, strong to very strong leaching,
locally conditioned by acld humus mgluCﬂo by forest, lairly general
moderate-to-strong gleyimg; drift : e rw ime very strong
super-humld soil pland and lithosolic sof
locally puquollﬁga= w(mkuruj y leached, weathered all@pnamlm (T
solls and related Lyuronorphlu Jvl&ﬁ; Organic soils, etec.)

o

super-humld, no distinct pattern of asonal precipibtation, all months

equally wet, moderate snow accumul Lom i wiv , cool to cold day soil
temperatures in summer; heavy rainforest (Hoth 5) cover: weak w
very st leaching, moderate to strong gleying; drift regime moderate Lo
weal s orponlc regime very strongt Juper-humid solls (mainly Podzols a
Gley-podzols on steep slopes; Rankers; with assoclated Gley soils and
Organic soils,)

precip months
cmol Summe!
'&>ruut,.‘W@&dgxweatha.,_
acid plant residues scoutni-
i ime weak

super-humid, no clee
wet, strong salt-laden
Magellanic moorland ve
very strong leaching
lating on soll uurfﬁceﬁ
moderate; organic
Organic soils, Podzols and de nkx,ru common, often «:3:><:t<’am’iti.,ngz onto s
slopes. )

fb(@?&lly st

iy
Sl
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10d. buper-humid

ipitetion but heavy
in autw

: to wvery cold day soll te stures
in summer; crassland, stunted scrub and sub-alpine herbfield plant
formations: very wesk weathering, strong leaching, strong gleying; active
drift regime (solifluction, etec.); moderate to s )

Super-humid subalpine soils (Gleyed Subalpine solls, Lithosols, Reg
Rankers, and Organic soils.)




TABLE 1:

GENERAL PLAN OF F4RM DEVELOPMENT

Previous lsts  2nd, 3rd. Lth.  5th.
Production  year vear vear year  year
a) 400 Hectares of available
clean land
Wheat (has) KO 100 65 65 65 65
Improved pasture (has) - - 100 165 230 295
Closed for grass seed - 40 40 4O 40 40
production (has)
Unimproved grassland (has) 360 260 195 130 65 -
b) 500 Hectares of land at
nresent not cleared
Wnheat (has) - 60 60 60 60 60
Improved pasture (has) - - 60 120 180 240
Closed for grass seed
production (has) - - 60 60 60 60
Unimproved grassland (has) 500 LLO 320 260 200 140
e) 3600 Hectares of hilly land
Improved grassland (has) - - 30 50 80 100
d) Growth of flock
Rams 8 30 29 41 53 70
Ewes 210 1000 970 1382 1768 2325
2~tooth breeding cwes 80 450 877 1049 1406 1875
e) Sumary
Annual area sown in wheat (has) 40 160 125 125 125 125
Pasture production from - - 190 335 490 635
improved grassland (has) “
Area closed for grass seed - L0 100 100 100 100
production (has)
Nunber of steers fattened 80 100 150 230 350 500
annually
Number of hoggets sold ann. 103 450 437 (22 796 1046
Production of wool (kgs) 550 3090 4320 5700 7293 9522
Production of ensilage (tons) =~ 100 150 230 350 500
Production of hay (tons) - 35 50 75 120 170
Grazing requirements in
sheep/month units - 17160 20613 27582 35828 47011
Grazing available in sheep/
monbh units - 12100 20175 37025 48275 5OK25




TABLE 2% OUTLAY AND FINANCING OF FARM DEVELOPMENT

Repayment of Credit

Outlay Credit 1st. 2nd. 3rd. Lth. 5th.
E°  (years) vyear year vear vear year
1) Fenging: (10 km. of fene- 2,500 4 104 30% 309 30% -
ing at E°250 per Km)
Amortization 250 750 750 750
Interest at 10% 250 225 150 75
2) Clearing of land (90 has
to be cleared at £°100/ha) 9,000 5 0 208 20% 20% LO%
Amortization - 1.800 1,800 1.800 3.600
Interest at 10% 900 900 720 540 360
3) Purchase of ewes (1000
head at E® 18 -each) 18,000 2 0 100% - - -
Amortization - 18.000 - - -
Interest at 10% 1.800 1.800 - - -
i) Purchase of rams (30 rams
at E° 100 each) 3,000 2 0 1008 - - -
Amortization - 3.000 - - -
Interest at 10% 300 300
5) Pasture seed (seed for
200 has. at E° 25 per ha) 5.000 3 0 304 70% - -
Amortization - 1,500 3,500 - -
Interest at 10% 500 500 350 - -
6) Fertilizer for pastures
(fertilizer for 200 has ' - -
at E° 30 per ha) 6,000 3 0 30%  70% - -
Amortization - 1.800 L.200 - -
Interest at 10% 600 600 420
7) Equipment and machinery
(tractor, cultivator
harrows, sower, etc.§
Total cost E° 18,000 18.000 3 30% 30%  40% - -
Amortization 5.400 5,400 7,200 - -
Interest at 10% 1.800 1,260 720 - -
TOTAL E° 63,500 11.800 37,835 19810 34165 3.960

(Amortization and Interest — E° 76,570 = E° 63,500 = E° 13.070 w 20.47%)



TABLE 3a:

SUMNARY OF POTENTIAL RETURNS
DUHING FIRST TWO YEARS

Production
lst, Year

Wheat

Sale of sheep
Wool production
Sale of fat cattle

2nd, Year

Wheat

Sale of sheep

Wool production

Sale of fat cattle
Grass seed production

TABLE 3b:

Gross Income Expenses Returns
E° 32,000 BE° 16,000 e 16,000
6,750 1.012 5,738
6.180 927 5.253
19.800 15,465 L4335
E° 64,630 B° 33.404 Ee 31.226
B® 25,000 E® 12,500 E® 12,500
6.555 983 54572
84640 1.296 7304
29,600 23.180 6420
24,000 8,000 16,000
B° 93.795 E° 45,959 E° 47,836

SUMMARY OF POTENTIAL PROFITS
DURING FIRST TWO YEARS

Returns from farm
Repayment of loans

Profit

lst. vear 2nd. year

E°31.226  B°47.836
11.800 37.835
# 19.426 4 10.001






